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A series of tests were conducted to evaluate the level of

oxidative energy release produced by hypervelocity, or near meteoritic

velocity psrtlele penetration of simulated spacecraft crew compart-

ments. Tests were performed at five different atmospheric compositions.

The closed chamber used, provided a reasonable simulation of a manned

module of a spacecraft. The purpose of the tests was to study the oxi-

dative energy release which can be expected to occur with meteoroid

penetration of the module or a full pressure suit and the effects pro-

duced on the space crew. One of the objectives of the study was to

determine which of the given gaseous environments produced the greatest

attenuation of the oxidative phenomena. Glass particles, with diameters

between 250 and 12OO microns, accelerated to velocities up to 37,000

ft/sec were used in these tests. Both live animal specimens and compre-

hensive instrumentation were used to determine the energy release of the

particle penetration of the aluminum target plates. The tests were

conducted in Vought's dual-chamber hypervelocity particle accelerator.

Biological effects were established by gross examination of the test

specimen immediately after test exposure and by both gross and microscopic

examination at autopsy.

Energy release was found to vary directly with the concentration

of oxygen in the atmosphere established in the test chamber. A test survey

was conducted in which a wide range of particle sizes were used to penetrate

three different target thicknesses. The effect of energy release on the

animal specimens was recorded at the various atmospheres. It was found
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that the size of penetration is more important than the oxygen concen-

tration in producing high energy levels. Injuries recorded varied from

uniform specimen burning to temporary flashblindness.

1-2



I

I
I

I
I

I

I
I
I

I
I
I

I

I
I

I
I
I

I

INTRODUCTION



2. INTRODUCTION

The recorded incidence of meteoroid impacts on the relatively

small payloads thus far sent into space provides evidence that manned space-

craft can be expected to have similar collisions. Studies of meteoroid

flux, mass, density, and velocity have been underway for several years.

More recently a study has been completed (Reference l) in which the

characteristics of effective meteoroid shielding were investigated. The

test series described herein relates to an investigation of the effects on

crews upon meteoroid penetration of the manned modules of spacecraft.

Violent rates of energy release associated with hypervelocity

impact have been under study for many years. This type of investigation

however, was undertaken in connection with space vehicles only during the

last three years. During a series of such tests, conducted by Vought

Astronautics scientists, it was found that high levels of heat and light

energy were released in enclosed chambers behind the target plate upon

penetration by hypervelocity particles. The particles used in the tests

had a velocity of approximately 25,000 ft/sec. Based on these findings,

Gell, Thompson, and Stembridge (References 2 and 5) conducted a series of

tests to determine the effects of the energy release on animal specimens.

The animals, large white rats, were incarcerated for these tests in a small

pressure chamber, one wall of which was formed by a 0.070 inch thick alumi-

num target plate. The hypervelocity particles, accelerated by a shaped

charge, penetrated the aluminum target. When the chamber atmosphere

was at alOO per cent concentration of oxygen, the penetration caused

a deep uniform burning of the specimen. Even when air was used in the

chamber, penetration produced shock and widespread superficial wounds in

2-i
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the animal from spalled wall materials. Blast pressure was thought to

have caused severe spinal injury. These results pointed up the need for

an investigation of the effects of meteoroid penetration into the manned

modules of spacecraft or into full pressure suits to be used by space

crews. This report described the results of a study designed to partially

fulfill this need.

The primary objective of this study was to establish a relationship

between different breathing atmospheres and the degree of injury produced

in a live animal specimen as result of meteoroid Penetration of the cabin.

This relationship was studied using various partial pressures of oxygen in

closed chambers of two different volumes. Based upon a knowledge of this

relationship, it was the purpose of this study to select a physiologically

acceptable atmosphere which would afford the greatest protection against

meteoroid penetration.

The principle experimental variables employed were oxygen concen-

tration and partial pressure, target thickness and penetrating particle

size. Additional tests were made in which the number of penetrating

particles was regulated and the flamability of the specimen was changed

by removing the hair.

Eighty-five tests were conducted although not all of them provided

useful data. Data obtained consists of the physical changes which occurred

on target penetration and a detailed pathological examination of each animal

test specimen.

"] ti_
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3.0 APPARATUS
i

A dual-chambered hypervelocity particle accelerator, developed by

Vought's Explosive Laboratory was used in the test series. A functiorml

diagram of the facility is shown in Figure 1 and a photograoh in Figure 2.

The pellet, fixed to the end of a three-phase shaped charge is accelerated

through the low vacuum ever a distance of ten feet. Disruotion of the

pellet, which occurs on detonation of the charge, produces the particles

which impact on the target at the end of the chamber. The target, an

aluminum olate in this test series, serves as a oressure seal between the

firing chamber and the test or cabin chamber. For test purposes, the firing

chamber simulates outer soace and the cabin chamber simulates a manned module

of a space vehicle, and the target plate, a replaceable section of this

module wall.

Target plate thickness and pellet characteristics were varied as part

of the experimental design. Both the pellet material and target plate are

discussed as experlmental variables in the t._THODS section of this reoort.

The firing chamber was evacuated to a pressure of aporoximately h

microns of Hg pressure during acceleration so as to reduce air-resi_tance

to oart[cle travel. The vacuum pressure also served other ourposes "_ich

are described later in this report.

A seoarate vacuum pumping system was orovided for each of the two

chambers. Using a system of valves and an external supoly of oxygen, the

gaseous environment of the cabin chamber was established as required for

each test.

Instrumentation transducers for measurement of light intensity,

velocity, blast pressure and cabin pressure, were located inside the cabin

chamber. A detailed description of the instrumentation is provided in

3-1
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VIEW SHOWING ARRANGEMENT OF APPARATUS 

VIEW LOOKING INTO CABIN TEST CHAMBER 

FIGURE 2. TEST FACILITY 
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Apuendix "A" of this report. The test specimen was placed upon an adjustable

platform which could be located as desired inside this chamber.

3.1 _pe_ cha_e _si_

An illustration of the shaped charge is shown in Figure 3. As

indicated in the ill_tration, the charge is pressed onto an aluminum base.

The base has provisions for the detonator cap, a small booster charge, and

has a groove for an "0" ring. The layers appear in the following order

from the base to the pellet. The first layer is RDX pressed at 25,000 psi

pressure. This is followed by a layer of inert material which serves as a

barrier to divert the detonation front and to cause it to reconverge in an

amplified manner behind the pellet. The explosive behind the pellet is a

pressed (40,000 psi) layer of RDX. The RDX used was manufactured by the

Olin Corporation. It contained 2.5 percent wax.

Design of the shaped charge was essentially an empirical process.

Trade-off considerations involved Drimarily the direction of a sufficient

amount of the blast wave in the oroper direction with the desired frontal

area. Practical limits exist on the amount of exolosive which can be used.

The shaped charge is not inserted directly into the firing chamber.

It is first sealed to a 16 inch long aluminum tube which is in turn sealed

into the firing chamber. This technique p_rmits all but the forward

directed exolosive force and gases to be dissipated outside the chamber.

3.2 Firing " Chamber P re. ssure Regulation

Con_ination of the cabin chamber was reduced by maintaining a

pressure inside the fi_n_ chamber which was negative to the test chamber.

Gas flow from the penetrations was thus always toward the firing chamber as

would be the case in the space envir_uent.

3_
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3.2.1 Sealing Device

In order to maintain the vacuum pressure of the firing chamber through-

Out the test, a crimping device was employed to seal the opening caused by

the detonation of the charge. This device was located in front of the open-

ing provided for insertion of the aluminum tube housing the shaped charge.

The device, activated by the vertical ccnoonents of the shaped charge blast

wave, causes a pair of offset rollers to close from opoosite directions on

the alumin_n tube extending ahead of the shaped charge. The al_mint_n tube

used is sufficiently ductile thus permitting a seal to be formed without

shearing.

3.2.2 Baffle System

A series of baffles were orovided inside the firing chamber to dis-

rupt the blast wave and prevent the expanding gases from entering the test

chamber. The series of baffles had an orifice diameter gradient which

effectively restricts the flow of gases into the firing chamber, setting uo

a turbulence which is oartially directed back into the incoming stream. The

oellets immediately ahead of the shock wave are not disturbed in their

trajectory toward the target. Although the volume of gases which entered

the chamber was not reduced, the velocity of fl_ is greatly decreased,

as sh_n by the lack of damage to the target plate when a charge without a

pellet was fired.

3.2.3 Vacuum Pressure Reservoir

To insure an adequate compensation for the gases which entered the

firing chamber, provisions were made for the vacuum of the chamber itself

to be augmented by another larger intercon_nected chamber maintained at the

sar_ pressure.

3-.,6
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3.3 Cabin or Test Chamber Configuration

Tests were conducted in two volume configurations of this chamber so

as to permit any influence which the metabolic processes of _he animal

might have on the oxidative energy release level to be identified. One

configuration had a volume of 2 cubic feet while the second was 4 cubic feet.

I

I

I

These volumes were easily changed by removal of a rectangular section from

the test chamber.

The chamber consisted of three sections.

contains the door, has a volume of 0.5 cu. ft.

by a series of bolts.

The first section, which

It is attached to the second

The second section has a volnme of 2 cu. ft. and was

I

I

I

in turn attached to the third section by another series of bolts. The third

section, which has a volume of 1.5 cu. ft., contained the necessary

provisions for target mounting, instrumentation connections and atmosoheric

control. Obtaining a 2 cu. ft. chamber is accomplished by removing the

second section from the assembly.

I

I

I

3.3.1 Instrumentation Transducer Location
I I i I i i

As can be seen in Figure I, the photodiodes, blast oressure pickup,

and thermocouple are located near the target plate. The cabin pressure

sensor is also located at the bottom of this section of the test chamber.

The three ohotodiodes, with associated filters, are mounted on arms

extending out from an aluminum collar. This collar also fastened the target

in place. The arms are bent to enable each of the photodiodes to "see" over-

I

I

1

lapping areas of the target. Reasonably good target coverage was obtained

in this manner.

The thermocouple was fabric_ted with a magnetic mounting device that

allowed free selection of location for each test shot. The most frequent

location was just bel_ the center of the animal. Since little or no useful

3-7
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data was obtained from this transducer, no record was made of the few except-

ions to this general location. Further details are provided in Appendix B

describing the instrumentation. Briefly, the cause of failure to obtain good

data is a result of the very transitory nature of the heat produced by target

penetration and the l_dted response rate of the faster temperature measuring

devices in gas.

The blast pr_ssure pickup was located out of the line of sight of the

particle stream on the specimen platform. The transducer which was used is

similar to the one recommended by the Lovelace Foundation in their blast

ef;_ect studies. Greater detail is given in Appendix B. The piezoelectric

transducer faced uoward just in front of the animal and normal to the pellet

stream. The surface of the transducer was almost flush with the surface of

the platform to protect it from particle impact.

All electrical connections were made through a pressure sealed terminal

block located in the side of the test chamber.

3.h Target Plates Selection and Characteristics

Three thicknesses of target plate material were used. Material

selection _as based uoon structural analysis conducted in connection with

various proposed single-walled man modules for non-reentry type spacecraft

or protective shields for space workers. The thicknesses employed in this

test were of 0.016 inch, 0.020 inch, and 0.064 inch.

The two thicker targets were of 5052S0 aluminum while the 0.016 inch

target was 7075-ST ALCLAD. All of the 0.016 inch thick targets used were

flat plates while the other two target thicknesses were formed into partial

hemispheres with a radius of approximately 2.5 inches. None of the targets

were heat treated.

3-8
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The hemispherical configured targets were used to investigate the

possibility that the angle of particle impact and penetration wo,,Id effect

Me energy release behind the target. No such indication was found in this

test series but the target configuration was retained to ensure uniformity

of test conditions.

Target thickness did affect the selection of particle or pellet size

used in the test. The 250 micron or 60 grit silicon carbide particles did

not have sufficient energy on impact to clearly penetrate the _o thicker

targets. Some penetrations did occur but so little energy was left after

the cratering and penetration of the plate that the effects noted in the

test chamber were negligible.

This was also the case, to a degree, _en the particles resulting

from acceleration of the 0.I in diameter glass oellet were used with the

0.020 inch target. Much less mterial was displaced and less energy released

simply because there was less particle material available or it was divided

into particles too small to oroduce penetration under any circumstance.

This information relates to the selection of target olate only

because it was desired to select a target which would be representative

of spacecraft walls. These walls would tend to be thicker than O.O16 inch.

When the glass pellet technique was discovered, a thickBr, more representative

aluminum plate was used.

The thicker targets each produced a characteristic energy release

test condition. This results principally from the larger energy release

behind the target which varies as a function of several parameters such as

particle mass and velocity.

It would do well to note in viewing the results that even smaller

particles than those used here travel_ng at higher velocities could penetrate

any of the wall materials used.
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3.5 Pellet Selection and Characteristics

Refractory materials as similar as possible to recovered meteoroids

were used to produce the particles for these tests. Earlier attempts to

accelerate silicon carbide and glass had been unsuccessful in t&is facility

because of the brittle characteristics of these cempounds. The shock wave

produced by detonation of the shaded charge reduced this material to such

fine particles that only erosion craters occurred in the target. Epoxy resin

was included, primarily by intuition, among the fixative material evaluated

as oossible shock absorbers and holding agents for the oellets. This resin

oroved ve_/ successful in every respect, holding the oellet together long

enough to uermit acceleration without complete shattering yet vaporizir_

sufficiently before reaching the target to prevent cratering.

Epon 828, a Dow Chemical epoxy resin, was used throughout the study

to holdthe pellet in place ;_hether it was in grit form or in a single niece.

The few particles of pellet recovered were found, under microscopic examinat-

ion to be free of epoxy. It was found in early tests using 60 grit silicon

carbide particles accelerated to velocities great2r than 2h, OO0 ft/sec that

few h_ervelocity per_trationz were oroduced in the thicker targets. To

obtain the test condition provided by penetration of the thicker plates,

glass pellets were adopted. The use of glass oellets produced particles

which gave larger oenetrations as well as faster ones. Both add to the

energy release behind the target.

The glass pellet used was ground out of Cornir_ Glass Company micro-

scopic slide cover-slip, Number 1. This glass sheet is 0.054 inches thick.

The oellets were cut with a piece of tubing in a drill or_s_ usin_ valve

grinding comoound as an abrasive. Silicon carbide grit was bought in bulk

from the Carborundum 30. Pellet _ass was as follows: l_ivlaual particles

of 60 grit, 9 x lO-_gms.; 0.IO glass, O.0017 gins.; and 0.2_ glass, 0.009 gins.

3-10
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Apparently the shaped charge detonation changes the state of the

glass pellet into a molten or plastic form. This observation is based

on the appearance of the impact craters in the target. The significance of

this particle state on the test results is not clear. Hypervelocity

particles are known to "see" the structure of the target material as a fluid.

The impacting particle also becomes fluid at impact. (Reference 2). Micro-

scopic appearance of the exit side of the penetration produced by s ilicon

carbide particles is not significantly different from that the of glass.

The energy released behind the target is the same for a particular particle

mass at an equal velocity. The crystalline _tructure of silicon carbide is

small and does not permit explosive acceleration in large particle form

without breakup. The larger particles, even when mounted in epoxy resin_

immediately break up to ao_roximately the 60 grit size or smaller, and

therefore were not accelerated up to the 30,000 ft/sec velocity range needed

for the most useful test. Through inquiries made of the Carborundum Compa_,

it was learned that a recrystalized form of silicon carbide was under develop-

merit. This m_terial, available in April, 1963, may eliminate this test

consideration.

A small deoression was made in the face of each shaped charge during

oressing to accomodate the pellet. A droplet of resin, approximately O.O2cc

was applied to the bottom of the depression with a fine wire. The glass

pellets were then dropped into place. The silicon carbide grit was placed

in the depression and covered with another droplet of epoxy of the similar

volume. Curing time provided was 24 hours minim-_,

Some variation will be seen in the glass pellet diameters used.

The grindin_ technique described on the previous page had approximately

O.O1 inch tolerance.
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3.6 Animal Specimen9

The white rats used as test specimens were obtained from the stock of

Sprogue-Darnley strain maintained at the Southwestern Medical School. Their

weight was approximately 300 grams. Variations from this weight ranged as

much as 50 grams however.

Environmental control in the animal holding area at the test facility

was poor. Although an effort was made to keep the holding time in that '

location to a minimum, some animals were exposed to marked temperature and

humidity changes for as long as 15 days.

Animals were sacrificed within hours of the test in which they were

used. When prolonged stress was anticipated, Nebutal was administered

intermusc ularly.

3-12
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4.0 PROCEDURE

The only difference in the method of preparing the apparatus for the

v_rious _test conditions was that used in establishing the gaseous atmosphere.

The general procedure will therefore be described, to be followed by such

deviations in the procedures as are necessary.

4.1 Preparation of the Firin_ Chamber

The firing chamber was maintained under vacuum as much of the time

as possible to avoid prolonged pump-down time resulting from outgassing of

chamber materials. After each test, the baffles were quickly observed for

obstructions and the shaped charge and holding tube inserted for the next

shot. As soon as the target used in the previous test was replaced, pump-

down was started.

The shaped charge design provides am "0" ring which seals it in the

aluminum tube. The aluminum tube is in turn sealed into the firing chamber

for the next test by another "0" ring. A flat gasket of rubberized nylon

is used under the targets. Vacuum pressure is measured using a McLeod

Gage. Pumping was continuous until Just before the next test when a valve

in the suction line was closed to prevent contamination of the pump with

combustion products.

4.2 Preparation of the Test Chamber

Accurate light intensity recordings required the use of appropriate

filters to control the amount of light in the visible spectrum, that reached

the photodiode. Filters that eliminate all the ultra-violet and infra-red

light were used to cover the photodiodes throughout the tests. It was found,

however, that more light was produced than could be handled by the

4-1
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instrumentation photodiode circuits; consequently visible light filters had

to be used to control the light reaching the diodes. The first step in

preparing the cabin chamber for each test was to verify the light filter

arrangement for the test condition anticipated. More or less filter layers

were applied as required. Additional information is given in Appendix B

including a figure of a typical Memoscope recording. Functioning of the

other transducers was then verified and the test chamber temperature

recorded. Following the instrumentation checkout, the camera selected for

the shot was put into place, focused, and loaded. When "open shutter"

polaroid camera was used to record energy release, it was opened io_nediately

before the test and closed immediately afterward to avoid film exposure

from extraneous light. Activation of the Fastex camera, on the other

hand, was sequenced with the shaped charge detonations. A timer programmed

the starting of the Fastex camera, the oscillograph, and fired the

charge, in the proper sequence.

The animal was fastened on a mounting fixture with fine steel wire,

thus restraining it in a normal upright position. When the test apparatus

was prepared, the animal and fixture were placed on the platform. A

small "C" clamp was used to hold it in place. Adjustment of the platform

was then established according to the protocol. Thumb-screw locks were

provided for this purpose. The thermocouple was placed against the platform

approximately 1 inch below and in front of the specimen's abdomen' The

The chamber door was then closed and sealed into place.

4.3 Establishing The Atmosphere

Except for tests under ambient atmospheric conditions, oxygen was

flooded into the cabin chamber immediately after the door was sealed.
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The cabin chamber vacuumpumpwas then started. Pumpingpressure was

varied by bleeding air into the vacuumline between the pumpand chamber.

This arrangement also prevented dangerous concentration of oxygen from

reaching the pump. The bleed valve was located Just ahead of the pump

inlet. The oxygen was allowed to dilute the air in the chamberunder a

slight negative pressure until i00 per cent oxygen was recorded on the D-2

oxygen _nalyzer. The analyzer was located in a parallel system to the

pumpsuction-line. Valves were employedto provide zero flow readings

at chamberpressure, and isolation at the time of firing. Wheni00 per cent

oxygen concentration was achieved, oxygen flow was stopped and the vacuum

pressure allowed to increase to the test pressure scheduled.

Whenthe 50 per cent oxygen--50 percent nitrogen atmosphere at

7 psi was required, the procedure was somewhataltered. In this case

the oxygen was allowed to flow into the chamber until the proper concentra-

tion was established. Pressure was then decreased to 7 psi and the oxygen

content rechecked. Minor adjustments were then madeif necessary by

adding air or oxygen as required.

4.4 S_ecimen and Data Recovery

Immediately after the test the Memoscope traces were photographed

_zith a special polsroid camera and the exposed film removed from the test

chamber. The oscillograph data sheet was equipped with an automatic marking

feature thus requiring no i_nediate attention. The rolls of recording

paper were changed as required.

Specimen removal was then undertaken. The animal was brought into

an adjoining room for examination. Immediate tests were conducted to

determine auditory and visual functioning.
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Auditory function was first checked by snapping the fingers behind

the animal. If no response was obtained, the tail was thumped to determine

if tactical response was present. Visual examination was performed by moving

an object quickly toward the face of the specimen. When no response was

obtained, a soft blunt object was moved in until the cornea was touched,

removed, and then moved in again. A blink reflex prior to touch was sought

as a positive indication. The degree of disoreintation was observed simply

by watching the animal move about among other objects on a table top.

When this examination was completed, the animal was taken to the

Southwestern Medical School for autopsy. Heavy burning normally resulted in

death in a short time. If this did not occur, the animal was sacrificed.
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5.0. RESULTS
=

This test series waw aimed primarily at evaluating the relative

injurious effects produced in the animal test specimen by oxidative ex-

plosions under five test atmospheric conditions. It became apparent early

in the study that the size of the penetrating particles significantly

affected the energy release level produced in the oxidative energy release

and therefore the degree of injury to the animal. Particle size cannot be

readily controlled when the shaped charge acceleration technique is employed.

For this reason three types of pellets, producing particles in three size

ranges, were used. Varying this test parameter permitted variations to be

made in target thickness. In some cases the number of replicates in each

individual condition was reduced by introducing these variables. The total

number of tests was generally fixed by the contractual scope of the study.

Results are reported in this section under the general heading of the gas-

eous environment employed in the test chamber and are further broken down

according to target thickness and p_rticle size. There are also two sepa-

rate headings for certain special test conditions. _ data sunm_ry follows

each discussion of tests under a given atmospheric condition. Photographs

of the target showing penetration characteristics obtained in e_ch test are

also included. Th_ significance of the results are considered in the

General Discussion of this report. A summary of alltests conducted is

provided in Appendix C and co_lete pathology reports are given in

Appendix A.

To determine the pathological effects on the animal of the man-

ipulations required to establish the test atmosphere in the cabin chamber,
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a single animal was cycled through all of the pressure and gaseous changes

used in the test series. All normal pretest handling was used. This anlnwl

then sacrificed and given a post-mortem examination. The pathol_ical

findings for injury were ne_tive. _his specimen is termed the pressure

control in this report.

5-2
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5.1.2. 0.064 Inch Thick Hemispherical _lumlnum Target Wall

One of the t_ee tests in this category produced grossly onJ_y

singeing of the specimen's hair, temporary flash blindness and slowness in

response. Or. this test the animal was located outside the particle stream.

Pathological examination revealed an intense pulmonary edemm associated with

small areas of the hemorrhage in the lung. Examination of the lungs also

revealed the presence of an abnormal infusion of gas into the lung tissue

(emphysema) and some aluminum oxide resid_le (Pathology. Test No. 86). This

may be an indication of blast injury. On the other two tests, the animal

was located in the particle stream and both tests produced uniform burning

of the most severe type. The hair was burned uniformly to the epidermis and

third degree burns of the skin resulted, Lung damage included severe pul-

monary edema, and congestion. (Test No. 87 and 89). These data are

su,_rlzed on Table I.
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_.l. lOO Percent O_en - 14.7 P.S.I.A.

Fifteen tests were conducted at ambient atmospheric pressure with

I00 percent axygen. Ten of these tests were conducted in the 4 cu, ft.

chamber and five in the 2 cu. ft. chamber. One7 the 4 cu. ft. group will be

discussed here. This particular concentration of oxygen was used as a

control condition to check th_ results of a previous series of tests in which

no gross pathological effect was found. In terms of cabin atmospheric hazard

it was the worst possible condition.

5.1.1. 0.016 Inch Thick Aluminum Target Wall

Seven t_sts were conducted at this oxygen concentration and pressure

using the thin, flat target wall. Sixty grit (9 x 10-5 Era.), silicon car-

bide (test No. 80), 0.I inch diameter glass (0.0017 gin.) (tess no. 83), and

0.24 inch diameter (0.009 gin.) glass (test no. 84) were used as pellets.

These varied pellet sizes produced the full range of the penetrating particle

sizes and velocities used in the test series. When the test specimen was

not located in the particle stream, it was not burned. The particle stream

is best defined as the area of light stream shown in Figure 7. Pathological

examination indicated one7 deposition of aluminum oxide particl_s on the

hair and some singeing. Moderate broncho pneumonia was found to have pro-

duced intense congestion of the vessels in the lungs of these test specimens

(Pathology, Test No. _). This lun_ condition, however, cannot be demon-

strated to result solely from the test experience, It should be noted that

in subsequent te,ts, when the specimen was located in the area of enersy

release, and the same oxygen concentration and target are used, the specimen

did burn when the target was penetrated by the larger two pellets. This was

found to be true at the 5 psia I00 percent oxygen condition also.
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TABLE I

Test Data At I00 Percent Oxygen - 14.7 PSIA Chamber Atmosphere

• BLAST

_m_ vm_cx_ UG_T ovm_
No. PELLET _IsEc. FT.cn.s. DRESS _OSS EFFE_

.016 Inch Thick Target Wall

78 * .I Inch Dia.

Glass
27, 900 1500 5 PSI No Burning

79 * .i Inch Dia.

Glass
28,500 1500 3 FSI No Burning

.016 Inch Thick Target Wall

80 #60 Silicon

Carbide
21,700 3000 2 PSI NO Burning

81 .I Inch Dia.

Glass
31,300 3000 No Data No Burning

83 .I Inch Dia.
Glass

31,200 7500 3 PSI No Burning

8;4, .24 Inch Dia.

Glass
30,000 7500 I0 PSI No Burning

85 .24 Inch Dia.

Glass
29,400 22,500 i0 PSI No Burning

.06_ Inch Thick Target Wall

86 .24 Inch Dia.

Glass
30,200 7500 2 PSI No Buruing

87 * .24 Inch Dia.
Glass

30,200 No Data 13 PSI Burned

89 * .24 Inch Dia.
Glass

30,700 50,000 7 PSI Burned

* Animals located in particle stream
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Test No. 80- No Burning

Target: .016" Alt_inum (7075)

Pellet: #60 SiC

Velocity: 21,700 ft./sec.

Light: 3,000 Ft. Candles

Atmosphere: 100% Oxygen -

_.6 _i



Test No. 82- No Burning

Target: .016" Alm_inum (7o75)
Feller: .25" Dia. x .007" Glass

Velocity: 30,000 ft./sec.

Light: 7,500 Ft. Candles

A_osphere: 100% Oxygen -
12.6 PSi
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5.2. IO0 percent oxygen - 5 P.S.I._.

There were 39 tests conducted at this "key" atmospheric condition.

Twenty-three of these tests involved special conditions which, for this

reason, are reported under a separate sub-heading. Again, all target thick-

nesses and pellet sizes were employed. All but one test described here was

performed in the 4 cu. ft. test chamber. The other tests at this atmosphere,

described in paragraph 5.6.2 were made in the 2 cu. ft. chamber.

5.2.1. O'_16 Inch Thick Aluminum Target Wall

Four tests were made using 60 grit silicon carbide pellets. These

tests, which preceded the 100% oxygen - 14.7 psia tests, did not have the

animal in the line of fire. There was no significant pathology on these

tests, although a loss of visual function was noted. _.en a 0.i inch dia-

meter glass pellet was used, (Test No. 77) under the same conditions, there

was again little injury produced although greater velocity and penetratir4_

particle size were achieved. On_v small penetrations were obtained. Test

No. 143 was conducted in the 2 cu. ft. test chamber using 0.24 inch diameter

glass pellet. Burning occurred in this test with the animal located in the

particle stream.

5.2.2. 0.020 cubic Thick _emispherical Aluminum Target Wall

In order to determine the minimum particle size and target thickness

which could prodnce burning at this gaseous environment, a series of five

tests was conducted using 0.20 inch thick aluminum hemispherical targets and

0.I inch diameter glass pellets. Specimen burning occurred in one case only.

On this particular target (Test No. 99) six particles penetrated in an over-

lapping manner. The hole produced is crescent shaped and approximately 0.35

inches long and 0.025 inches wide. Uniform burning of the hair, to the
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epidermis, and third degree burns of the skin were indicated by pathological

examination. Ede_ and congestion were evident in the lung. (Pathology,

Test No. 99). More widely dispersed penetrations on the other four targets

did not produce ignition of the specimen. Al_imin_m oxide deposits were noted

on the hair along with slight singeiug. Intense congestion of the lungs

occured. (Pathology, Test No. 102). The specimens were mildly disoriented

when removed from the test chamber, k_ere specimen burning occurred the

light intensity was 2.5 times greater than when no burning occurred.

Test No. 139 is typical of the penetrations produced by .2_ inch

glass pellets on this size target. Most of the special tests were conducted

using this target and pellet size. Penetrations, when modera_el_ large,

produced burning at all concentrations of 100% oxygen, Pathological results

were not significantly different from those found in other _burned specimens

at this atmospheric condition. (Refer _ Paragraph 5-3). No repetitions

of this test condition were made beoause it was determined at this point in

the test series that specimen bJrnin_ occurred _s readily at 3.5 psia-lO0_

oxygen when this target and pellet combination was used.

5.2.3. 0.064 Inch Thick Hemispherical Aluminum Targets

Six tests were m_de usiug 0.064 inch thick targets and the .24 inch

diameter glass pellets. F_ir of the tests resulted in uniform and complete

burning of the specimen. (Test Nos. 90 & 92). The usual pathological

effects from burning were noted. In one of the tests where no burning

occurred, the target was penetrated at a normal velocity of 33,400 feet per

second. The light produced, ho,_ever, was onl_ 9,500 foot candles as

opposed to 25,000 to 60,000 foot candles r_corded on those tests in which

burning did occ, lr. The appearance of the holes produced on the back of this
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target indicates that the particle energy was nearly spent in completing

the penetration. Th_ normal, clearly sheared edge of the penetration was

not observed: instead, the edge of the hole formed a lip extending out to-

ward the center of the hole, (Figure 4). Heavy spalling was also produced,

causing a bleeding wound in the shoulder of the rat. This type of injury is

described in the Appendix A under the Parameters of Animal Injuri_s and is

shown in Figure 4-_.
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FIGURE 4.

LOW VELOCITY

HIGH VELOCITY

APPEARANCE OF HOLES PRODUCED ON EXIT FROM ALUMINUM TARGET

BY TWO VELOCITIES OF GLASS PARTICLES (90X)
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TABLE II

Test Data at I00 Percent Ox_,gen - 5.0 PSIA Chamber Atmosphere

TEST

NO.

BLAST

VELOCITY LIGHT OVa- GROSS

PEI/_T FT/SEC FT CDLS. PRESS EFFECT

•016 Inch

__et

73*

7_*

75*

76*

77*

143"*

#60 Silicon

Carbide

#60 Silicon

Carbide

#60 Silicon

Carbide

#60 Silicon

Carbide

.I Inch Dim.

Glass

•25 Inch Dia.
Glass

27,900

26,_O0

23,800

25,700

36,000

31,700

.020 Inch

Thick Target

98

99

102

103

i0_

139

.I Inch Dia.
Glass

•1 Inch Dia.

Glass

.I Inch Eia,

Glass
.I Inch Dia.

Glass

.! Inch Dia.

Olsss

.2_ Inch Dia.

Glass

35,800

31,200

37,100

28,700

34,_00

34,500

.064 Inch

Thick Target

9O .24 Inch Dis. 31,300
Glass

91 .24 Inch Dis. No Data
Glass

1,050

625

85O

6OO

600

275,0o0

I PSI

I PSI

No Data

No Data

No Data

30 PSI

3,700

2_,800

2,000

450

2,000

60,000

5 Psi

6 PSI

4 PSI

No Dat8

1 PSI

23 PSI

22,500

No Data

4 PSI

No Data

No Burning

No Burning

No Burning

No Burning

No Burning

Burned

No Burning

Burned

No Burning

No Burning

No Burning

Burned

Burned

No Burning
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NO.

T.%BLE II - Continued

Test Data at 100 Percent C_jgen - 5.0 PSIA Chamber Atmosphere

BI_ST

VELOCITY LIGHT OVER_ GROSS

PFJ_ FT/SEC FT CDLS. PRESS EFFECT

I

I

I

I

I

I

I

i

!

I

I

I

I

I

I

92

93

I00

w

.24 Inch Eia. 33,400 60,000 14 PSI Burned
O!_ss

.24 Inch Dia. 33,400 9,000 14 PSI No B_rning
Glsss

.24 Inch Dia. 27,800 50,000 13 PSI Burned
Ols ss

•24 Inch Dia. 28,200 22,500 _ PSI Burned
Glass

Animals located below particle stream•

0.016 flat target.
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Test No. 7_ - No Burning

Target: .016 Al_in_m (7075)

Pellet: #60 SiC

Velocity: 26, _OO ft./sec.

Light: 625 Ft. Candles

Ataosphere: 100% Oxygen - 5 PSI



Test No. 77 - No Burning

Target: .016 Alu_inu_ (7075)
Pellet: .I" Dia. x .007" Glass

Velocity: 36,000 ft./_ec.
Light: 600 Ft. Candles

Atmosphere: 1005 _gen- 5 P_I



Test No. 123 - Burning

Target: .016" Alu_inum (7075)
Pellet: .025" Dia. x .006" Gla_

Velocity: 31,7OO ft./sec.

_ight: 275,000 Ft. Candles

Atuosohere: 100% Oxygen - 5 PSI
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100% OXYGEN

3.5 PSI
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i 5.3- iO0 Percent O_en - 3.5 P- S.I. _.

A total of six tests were conducted at this condition. Three tests

!

i

were conducted in the 4 cu. ft. chamber and three tests were conducted in the

2 cu. ft. chamber. The pellet size versus target thickness surv_j was again

conducted in the larger test chamber. The 0.016 inch thick ah_minum target

I
I

I

and silicon carbide pellet combination was omitted.

5.3.1. 0.020 Inch Thick P emispherical Aluminum Target

A single test was made in the 4 cu. ft. test chamber with this target

and the 0.24 inch diameter glass pellet (Test No. 107). Specimen burning

occurred. _o large target penetrations occurred and the specimen burned

! ,_niformly b_it not as completely as when higher pressures of oxygen were used.

Only abo_it one half of the hair length of the animal was consumed. The test

I
I
I

specimen was still alive one hour after the test so was finally sacrificed.

Post mortum examination did not reveal any marked difference in pathology of

these specimens from that produced by burning at higher pressures of oxygen.

5.3.2. 0.064 Inch Thick Femisoherical Aluminllm Target

Test numbers 96 and i01 were made using this target and 0124 inch

I
I

I

diameter glass pellet at this low pressure of pure oxygen. The 4 _l. ft.

test chamber was used. Specimen burning occurred when the _vpical byper-

velocity penetrations were produced in conjunction with a high recorded

light intensity. Pathological findings were again not unlike those found

w_th 5 psia-lO0 percent oxygen. Burning was again oxygen limited _nd char-

I

I
I

acteristic of that obtained at this atmosphere condition. Test No. 96

produced no burning; however, the light level recorded (3000 foot candles)

and the penetration lip characteristics on the back of the target are typical

of those which did not produce high energy release levels, (Figure 4). A

lun_ condition which may have been indicative of blast inJ,Ary found on

! microscopic examination.
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Three tests (Nos. 120, 121, 129) were made with the ssme large pellet

and medium target in the 2 cu. ft. test chamber. All tests produced burning

of the specimen. The penetrations were l_rge and high v_.locities and light

intensities were recorded. Pathological findings for these animals include

third degree burns of the skin and patchy burning of the hair leaving from

3 to 5 _m of normal hair at the base. Lungs suffered the usual congestion

and edema due primarily to burning. The corveal covering of the eye was made

opaqne in all cases. The degree of injury, particularly in the lung, was

not as severe as previously observed however.

TABLE III

Test Data At I00 Percent 0xygen-3.5 PSIA Chamber Atmosphere

BLAST CqAMBER

TEST VELOCITY LIGHT GROSS OVER- SIZE

NO. FT/SEC. FT. CDLS. EFFECT PRESS (CU. FT. )

.020 Inch Thick Target

107 No Data No Data ihmmued 13 PSI

120 26,300 200,000 Burned 28 PSI

121 27,000 65,000 Burned 28 PSI

129 32,200 125,000 Burned 31 PSI

.064 Inch Thick Target

96 29,_00 3,000 No Burning No Data

IO1 3_, 500 22,500 Burned 14 PSI

Note: All shots used .2_ Inch Dia. Glass Pellets

4

2

2

2
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Test No. 120 - Burning

Target: .020" Aluminum (5052)

Pellet: .25" Dia. x .006" Glass

_elocity: 26,300 ft./sec.

Light: 200,000 Ft. Candles

Atmosphere: 100% Oxygen - 3.5 PSI
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50% NITROGEN
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5._. 50 Percent Oxygen and 50 Percent Nitr_._en - 7 PSI

Eleven tests were performed at this atmospheric condition. Six tests

were conducted using the _ cu. ft. test chamber and five tests were conducted

using the 2 cu. ft. test chamber. No burning occurred in this series al-

though certsin types of injuries did result as noted below. All tests in

this series were made with .020 inch thick hemispherical aluminum targets

and .22 inch diameter _lass pellets. T_is combination resulted in from two

to ten rather large penetrations equivalent to those which produced burning

in tests at I00 percent oxygen concentrations. Pathological findings in-

cluded focal area of singeing but no intense burns. Areas up to two square

inches wer_ denuded of hair. Lungs and other areas are grossly normsl. No

difference was seen in the pathology produced in the two different sized

chambers. Flash blindness and disorientation was noted when the animals

were remov._d from the test chamber.
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TABLE IV

Test Data At 50 Percent Oxygen - 50 Percent Nitrogen - 7 PSIA

Chamber Atmosphere

BL_ST

TEST VELOCITY LIGHT OVER-

NO. FT/SEC _wT. CDLS. PRESS
I

4 cu. ft. chamber - .020 Inch Thick Targets

108 27,800 22,500 18 PSI

III No Data No Data 12 PSI

112 No Data No Dat_ 16 PSI

113 No Data No Data No Data

IIA_ 28,000 157,500 No Data

115 27,800 62,000 No Data

2 cu. ft. chamber - .020 Inch Thick Targets

122 27,800 80,000 9 PSI

123 27,800 63,000 18PSI

12_ 27,700 75,000 17 PSI

125 27,700 58,0_ 19 Psl

126 27,800 50,000 29.5 PSI

GROSS _WFECT

Singeing _ Denuded Area

Singeing _Denuded Area

$ingeing _ Denuded Area

Singeing _ Denuded Ares

Singeing & Denuded Area

Singeing _Denuded Area

Singeing _ Denuded Area

Singeing & Denuded Area

Singeing _ Denuded Area

Singeing _ Denuded Area

Singeing % Denuded Area

Note: Denuded areas of skin were confined and showed little injury.
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5-5 Ambient A_mosphere

Four tests were conducted at this atmospheric condition in the 4

cubic foot test chamber and the same number in the 2 cubic foot test chamber.

The 0.20 inch thick hemispherical aluminum target and the 0.25 inch diameter

glass pellet were again used. The holes produced in these targets varied in

size and frequency. On those targets with _rpr penetrations and higher

light intensity, injury of the specimen was produced. These animals were

obviously in much better condition than those tested at any other atmosphere

employed in the program. Pathological examination showed no gross abnormali-

ties. In areas of singeing the hair at the base was normal. Again flash

blindness and slow response were observed after the test. On test No. 127

an injury to the left thigh of the specimen was produced by spalled wall

material. No diffuse burning occurred. (Patholog_ Test No. 127). These

data are summarized as follows:

TABLE V

Test Data At Standard Atmosphere Chamber Condition

TEST VELOCITY LIGHT BLAST GROSS

I
NO. FT/SEC FT. CDLS. OVER- EFFECT

PRESS

4 cu. ft.

I
I
I

I
I
I

I

116 27,800 20,000 14 PSI No Burning

117 27,500 48,000 17 PSI No Burning

ll8 30, O00 50,000 24 PSI No Burning

119 31, 300 80,000 36 PSI No Burning

2 cu. ft.

127 27,300 65,000 38 PSI No Burning

130 29,400 15,000 30 PSI No Burning

131 28,500 33,000 32 PSI No Burning

132 31,O00 33,000 34 PSI No Burning
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5.6_ Special Conditions

TWo test series were conducted to resolve the importance of two

specific variables on the degree of injury produced by the oxidative explo-

sion. One series was designed to study the results of removing the combus-

tible material (hair) from the test specimen. The second series was designed

to evaluate the effects of reducing the number and size of particle penetrations.

Certain limitations exist in the design of each of these series. These are

described along with the results. Both series were in the 2 cu. ft. chamber.

5.6.1. T_sts Using Depilated Specimens

Five tests were made using specimens from which the hair bad been

removed. All of these tests were made using 0.020 inch thick hemispherical

altm_Lnum targets and 0.24 inch diameter glass pellets. Two atmospheric

conditions were used in the cabin chamber.

lO0 Percent Oxygen - 5 P.S.I.A. - The first test conducted used a

rat from which the hair wms removed by clippers and a razor. The hair was

completely removed except for that around the eyes, ears, mouth and scrotum.

Energy release upon target penetration still caused burning of the specimen.

The hair was burned down into the follicles, and the lips and ear tissue was

partially consumed. The dry skin scale of the tail, was also burned.

Figure A-5 shows this specimen i_mediately after the test. Although

intense burns were produced in the areas where hair stubble remalned 3 areas

which had been clearly shaved were much less severely injured.

The remaining two animals tested at lO0 percent oxygen at 5 P.S.I.A.

were depilated using Nair (Trademark). This chemical agent was adopted to

achieve more cGmplete hair removal. Unfortunate side effects were produced,

however, including blistering of the skin, and eye irritation. The latter
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caused the animals to keep their eyes closed during the tests. Almost all

of the dry layers of epidermis were removed by the Nair treatment, leaving

a pink, wet appearing skin surface with some blisters forming before the test,

Figure A,1. This must be considered when reviewing the test results.

The remaining tests at lO0_ oxygen - 5 P.S.I.A. produced no burning

I
I

I

although some of the dry scale on the tall of the specimens was, as before,

blackened or oxidized slightly. Target plate penetration on the second

test of the series produced the only serious internal injury of this test

series. A particle of either target material or pellet penetrated the

peritoneal cavity of the test specimen. Energy release phenomeno_ typical

of hyperveloclty impact 3then occurred inside the animal. A large hole was

made in the large intestine, and a series of tears or holes were produced in

the small intestine. Contents of the large intestine were ejected back to

the target plate and to other points in the test chamber. The result obtained

was similar to that of a test conducted over two years ago in which hyper-

velocity altm_Inum particles penetrated a sponge impregnated with an agar-

gelatin. Skin burns were widespread but were probably due to the depilatory.

All of these animals were partially anesthesized prior to hair removal and

during the test, preventing valid assessment of gross animal behavior.

Third degree burns resulted on the animal from which the hair had

I
not been completely removed; however, burning to the deeper dermis did not

occur as in previous burnings. On the other two animals no thermal burn was

I
I
I

detected. The lung damage was consistent with other specimen tested at this

mtmosphere. Microscopic examination of a section of the lung indicated a

condition which could be produced by blast injury. Fastax camera records

indicate that flames lingered over the surface of one animal after the initial

aluminum oxidative explosion subsided. The combustible material in not known.

I
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It could have been oils produced by the skln or a solvent used in the Nair

depilatory. _ne excess depilatory was removed with soap and water before

each test, however, intense loss of epidermis was observed. There was no

evidence of thermal burn. No. 145 suffered a shrapnel wound. The lungs

of all the naked specimens except the one that burned, showed areas of

lung collapse (at electasis) and other areas of gas infusion and distension

(emphysema) associated with blast and heat injury. Congestion was also

noted.

1OO per cent oxygen - 14.7 P.S.I.A. - TWo tests were conducted using

the depilitated specimens to determine if the skin, although modified by the

Nair treatment, could be induced to burn at this atmosphere. The specimens

became marked ly dehydrated and covered with resolidified particles of molten

aluminum. The specimens did not burn. Lung damage, as described above, was

observed in autopsy, along with some eye damage. The small amount of eye

damage may have been a result of the eyes being closed during the test. The

eyes of the animals were closed as a result of general irritation caused by

the Nair. These data are summarized as follows:
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TABLE VI

Test Result Using Depilated Specimens

I

I

I

I

I

I

I

BLAST

TEST VELOCITY LIGEr OVER-

NO. FT/SEC FT. CDLS. PRESS

5 P.S.I.A.

140 29,400 150,000 12 PSI

141 No data 65,000 32 PSI

142 29,600 90,000 20 PSI

14.7 P.S.I.A.

144 30,800 75,000 No data

145 30,800 200,000 36 PSI

GROSS

EFFECT

Burned where hair

not completely
removed

No Burning

No Burning

No Burning

No Burning

I

I

I

I

I

I

I

I
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Test No. ]hi - No Burning
Target: .020" Aluminum (5052)
Pellet: .25" Dia. x .006" Glass
Velocity: Not Recorded
Light: 65,000 Ft. Candles
A_uosohere: 1OO%Oxygen - 5 PSI
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Test No. 142 - No Burning

Tar£et: .020" Aluminum (5D52)
Pellet: .25" Dia. x .006" Glass

Velocit_: 29,600 ft./sec.

Light" 90,000 Ft. Candles
Atmosphere: 1OO% Oxygen - 5 PSI



Test No. i44- No Burning

Target: .020" Al_minum (5052)
Pellet: .25" Dia. x .006" Glass

Velocity: 30,800 ft./sec.

Light: 75,000 Ft. Candles
Atmosphere: 100% Oxygen -

14.6 PSI
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5.6.2. Tests Using the Particle Screen

In this series of tests a thick aluminum plate was placed in front

of the target plate. A series of holes was drilled in the plate which would

allow only those particles passing through these holes to impact upon the

target. In eleven of 21 tests no penetrations occurred, since all particles

missed the holes in the screea. One disadvantage of this test technique

was that the velocity of the penetrating particles could not be accurately

determlned.

An additional photodiode was installed in front of the target in an

attempt to gain velocity information based on recording impact on the screen.

No distinction could be made, however, between °_he highest and lowest

velocity particles in the particle stream. The light produced behind the

target by some small penetrations was not sufficient, in most cases, to

trigger the memeoscope even when all light filters were removed from the

photodiodes. When large penetrations were made under this condition the

velocity data was lost due to transducer saturation. Examination of the

impact patterns on the particle screen also revealed that some of the small

particles which penetrated the target had been broken off of larger particles

which hit the edge of a hole in the screen. It is probable that the fragment

subsequently penetrating the target plate would have been slowed down by

the initial impact, and the necessity for overcoming the adhesvie force of

the rest of the mass. Most of the penetrations appeared to be produced by

hypervelocity particles, however. Of the ten tests in which penetrations

occurred, only one was made at the atmospheric condition of lO0 percent

oxygen - 14.7 P.S.I.A.
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At this atmosphere the single 0.02 inch penetration did not produce

sufficient light inside the chamber to record. A particle velocity of

31,800 ft/sec was established for the first particles to impact against the

heavy aluminum screen. This velocity is not one which can be specifically

assigned to the penetrating particle. It may however, establish the velocity

range in which the particle belongs. Pathological examination did not reveal

significant injury to the test specimen.

The other nine tests in which penetration occurred were conducted at

5 P.S.I.A. lO0 percent oxygen. The penetrating particles produced holes of

various sizes. Again, light intensity produced was low and only four

velocities were recorded. Test No. 154 had the highest light production,

25,000 foot candles, and produced specimen burning of the normal 5 P.S.I.A.

lO0 percent oxygen type. The hole produced was approximately 0.24 inch in

diameter. In test No. 161, five particles made four widely spaced holes

with diameters ranging from 0.02 to 0.08 inches. The light intensity

recorded was 2750 foot candles. Injury found in pathological examination

was limited to small foci of hemorrhage on the side of the animal facing the

target. Although mild pulmonary edema and congestion were found, it cannot

be conclusively identified with the test stressors. Test No. 162, wi_h

only a single penetration of 0.02 inch diameter, did not produce sufficient

light to record. Pathological findings consisted of only mild hair singe

and some lung congestion and edema. The latter again could have resulted

from natural disease. Flash blindness was detected in the specimen from test

No. 161, but was not found to occur in the other specimens when single

small penetrations occurred.
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The above tests are indicative of the range of results obtained

using the screen technique for penetrating particle reduction. These data

are summarized in Table VII.
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TABLE VII

Test Results with Restricted Particle Penetration

A_40S. VELOC lit LIG_ GROSS

I
NOe 02 - PSIA FT/SEC FT. CDL$. EFFECT

I
I
I

I

I
I
I

I
I
I

I

I
I
I

I

.020 Targets

146 100% - 5

i47 ioo% - 5

148 ioo% - 5

149 l_ - 14.7

150 i_ - i_-7

151 i_ - 14.7

i6o Ioo% - 5

161 1oo% - 5

162 lO0%- 5

163 lOO% - 5

i64 ioo% - 5

i65 ioo% - 5

167- ioo_ - 5

.064 Targets

152 ioo% - 5

153 ioo% - 5

154 100% - 5

i55 ioo% - 5

156 ioo% - 5

i57 ioo_ - 5

i58 ioo% - 5

159 lO0_ - 5

Note :

33,300 No Data

28,600 No Data

31,300 No Data

33,300 No Data

35,200 No Data

31,800 No Data

32,300 No Data

31,000 2,750

31,000 No Data

30,300 22,500

33,000 No Data

Be,000 No Data

30,300 5,500

31,000 No Data

30,000 No Data

30,300 25,000

31,300 No Data

34, 500 No Data

No Data No Data

33,300 No Data

33,300 No Data

Blast over-pressure too low to record.

* Titanium #4901 Flat Target Plate.
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No Penetrations

2 Small Penetrations

No Penetrations

No Penetrations

No Penetrations

1 Small Penetratlon

No Large Penetrations

4 Small Penetrations

1 Small Penetratlon

No Burning

2 Small Penetrations

1 Small Penetration

1 Small Penetration

No Penetrations

No Penetrations

Burned

No Penetrations

No Penetrations

No Penetrations

No Penetrations

1 Spall

I











Test No. 163 - No Burning

Target: .020" Al_inum (5052)
Pellet: .25" Dia. x .006" Glass

Velocity: 30,300 ft./sec.

Light: 22,500 Ft. Candles

Atmosphere: 100% Oxygen - 5 P_I
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5.7 General Discussion

The primary objective of this study _as to identify a physiologically

acceptable breathing atmosphere which would afford maximum protection for

space crews in the event of meteoroid penetration of the manned module of a

spacecraft or a crewman's full pressure suit. Based simply on the results

of tests conducted at the five atmospheric conditions, the least injury

occurred when the test chamber contained the lowest concentration of oxygen.

Atmospheric air had the lowest concentration of oxygen of the atmos-

pheres considered in this study. Since the weight penalty associated with

providing standard atmospheric composition and pressure in manned spacecraft

is undesirable, the next lowest concentration used in these tests appears to

be a more logical choice. Fifty percent oxygen and fifty percent nitrogen

at 7 psia is already being considered for crew station use in U.S. manned

spacecraft. This study supports its selection based on the protection it

provides in the event of meteoroid penetration of the crew compartment.

There is perhaps a great deal more which can be learned from this

data. Although none of the test specimens were burned at the 50 percent

concentration of oxygen, injury did occur. The severity of the injury, had

there been a man in the test chamber, cannot be accurately estimated. The

specimen's hair _as completely removed over an area of two square inches in

one test. The fact that a severe local skin burn did not occur under this

area is surprising. One possible explanation is that the hair acted as an

"energy absorber" as defined in a study recently completed for the National

Aeronautics and Space Agency, "The Principles of Meteoroid Protection,"

(Reference B). In this report an effective meteoroid shield is defined as

one consisting of a dense barrier, such as metal plate to disrupt the
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particle on impact. This barrier would be located immediately in front of an

"energy absorber" The latter is generally defined as a layer of low den-

sity material such as a polystyrene foam. The "energy absorber" in a space-

craft would be nothing more than a layer in the outer structure provided

for safe attenuation of the energy released. Without this absorber the

disrupted particle and displaced target material produced in penetration

would be dissipated against whatever was next in its path. The form of the

energy release would depend to a degree on the composition of the gaseous

atmosphere behind the barrier. In these studies oxygen was present and the

displaced plate or barrier was almost completely oxidized. When it was

not, the particle stream apparently remained more intact and produced

structural damage such as that shown in Figure 5.

Obviously when a living specimen is behind this barrier, as was the

case in these tests, oxygen mnst be present in the atmosphere. Therefore,

when the penetration of the target or barrier occurred, the debris produced

was oxidized at an explosive rate. Intense heat, light, and moderate blast

pressure were recorded. As _as seen in the description of the results, the

amount of energy released in this form depended, in part, upon the concen-

tration of oxygen, the velocity of the penetrating particle, the size and

number of particles penetrating, and the thickness of the targets. Other

parameters are involved which are not included here. The following discussion

deals with the various forms of energy released, the kinds of injuries they

produced, and the manned in which the penetration characteristics affected

the degree of injury.

5-60



1 
I 
I 
I 
1 
I 
I 
8 
8 
I 
1 
1 
8 
1 
I 
8 
1 
I 
I 

v) 
W 

c 
V 

w 
> 
K 
W 
n 
>- 
I 
c 
U 

w 
K 
L 
v) 
W 
4 
V 
I- 
E 
4 
0, 

0 c 
w 
K 
2 
v) 
0 n 
X 
w 
K 
W 
c 
LL 
U 
v) c 
W 
0 
K 
U 
I- 

W 
c 

c 

- - 
2 

n 

- 

- 

n 

Y 

n 

n 

n 

z 
3 

Z 
4 

w 
c 

e 

0, 

E 
z 
v) 

W 
K 
3 
0 
L 
- 



I

I

!

I

!

B

I
I

i

II

B

i

il

i

i

II

II

I

I

5.7.1 Heat Characteristics Produced with Meteoroid Penetration

Probably the most injurious form of oxidative energy produced in

target penetration was found to be the heat produced by the oxidation of

the displaced target materials. Aluminum oxide and molten aluminum from

the target were generally found on the test specimens. Results of x-ray

diffraction a_lysis of the aluminum oxide deposits using the cobalt tube

method indicated the presence of both the gamma and alpha metallurgical

forms. This indicates that a temperature of at least lO00 degree C. existed

in the energy release area. Oxidation is seen to extend from the target out

six to eight inches when the test chamber contained a 50 percent oxygen

environment as shown in Figure 6. The cone of release was less when lower

concentrations of oxygen were used, also shown in Figure 6. The presence

of condensed aluminum vapor and molten aluminum on the specimens gives evid-

ence of at least 2450 degrees C. at the target _all. The greater proportion

of gamma to the alpha forms of aluminum oxide leads to the conclusion, how-

ever, that the high temperature produced by oxidation is extremely transient.

Fastax camera records of the tests provided an indication of high

energy release early in these tests. The good appearance of the test speci-

mens which had been located below the target did not lend support to the

presence of such high temperatures. To determine why so little injury

results under this condition, two tests were conducted to determine the

ignition properties of rats' hair. Test expense was kept at a minimum by

performing them in the test chamber using a type of pyrotechnic device

called a match squib. This squib was taped to the back of a dead specimen.

A cabin atmosphere of lO0 percent oxygen at 5 psia was established, and the
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PARTICLE STREAM - .016" TITANIUM 

PARTICLE STREAM - .016" ALUMINUM 

FIGURE 6. PARTICLE STREAM AND ENERGY RkLEASE UPON PENETRATION OF TARGET WALL 
USING PARTICLE OF 60 GRIT SILICON CARBIDE PELLETS (SHEET 1 OF 2) 
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ENERGY RELEASE - AMBIENT ATMOSPHERE 

FIGURE 6. PARTICLE STREAM AND ENERGY RELEASE PRODUCED BEHIND 0.020 INCH THICK 

TARGET BY PENETRATION OF 0.25 INCH DIAMETER GLASS PELLET (SHEET 2 OF 2) 
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squib electrically fired. It _as found that only a small area of hair

_as burned. The match squib has a burning temperature of approximately

1090 degrees C. Further tests using an electrical heating element showed

that rats' hair is not auto-igniting, and is, in fact, self-extinguishing

even at atmospheric pressure and 100 percent oxygen. At 250 degrees C. the

hair chars to carbon _-ithout flaming. The specimen _as found to burn at

1090 degrees C. in this atmosphere. This data should be kept in mind when

interpreting the results of thls test. Unfortunately, these transient

temperatures could not be measured with the instrumentation employed,

(Appendix B). The duration and pattern of the oxidative heat would be of

great assistance in determining the area of hazard produced in target pene-

tration at the various test atmospheres.

The type and severity of injuries which would result if man _as ex-

posed to 3 to _ milliseconds of such intense heat is not known. Flash

fires which occur in gas filled rooms produce severe injuries or death

in man, but in such accidents, the gas is usually inside the respiratory

tract. Certainly if the oxidizing aluminum entered the trachea or lungs,

catastrophic results would be produced. This heat surrounds the eyes, and

therefore probably produces some irritation. However, the opacity of the

cornea described in the pathological data occurred only when the rat had

burned completely. Little permanent eye injury was noted when uniform

specimen burning did not occur.

In summarizing, we find that intense heat is produced by oxidation

of aluminum vapor behind the target on penetration. Based on the Fastax

film data, this heat may be present for 15 milliseconds or slightly longer.

Results of the pathological examination showed that the skin injury
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produced is not severe unless the hair of the specimen is ignited. The

extrapolation of these results to man is difficult, although certainly

such exposure is an experience that one would urgently wish to avoid.

The heat is believed to be produced by all penetrations, but the area covered

and the duration is oxygen limited and varies primarily as a function of the

size of the penetration. As with all energy release forms, except blast,

heat is also related to the amount of oxidative material displaced by pene-

tration, and the velocity of the displaced material at completion of

penetration.

5.7.2 Light Characteristics Produced with _teoroid Penetration

The threshold for permanent light induced retinal eye damage (flash-

blindness) for man has been established at approximately 270,000 ft. candles.

Values approaching this were obtained in some of these tests. Post mortum

exmmination, however, did not reveal any retinal burns in the test specimens.

Certainly flashblindness _as produced for a period in most tests, and at a

level of severity that would have delayed crews in taking stock of damage

and effecting repair. Light production in these tests has two sources,

that produced at the target and that produced by the oxidation of vaporized

target material. The latter, which occurred immediately around the eye, no

doubt is the more damaging. Figure 6 shows the light produced by oxidation

enveloping the eye of a specimen following penetration. The importance of

high intensity light, when accompanied by the associated heat, may only be

of academic importance when man is involved. It must be acknowledged,

however, that examination of microscopic sections of the corneal epithe-

lium did not reveal marked injury. Aluminum oxide deposits in the eye

must have been a source of immediate irritation in any case. Tq_e results of

gross examination of the test specimens in_ediately after the test must be viewed
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with some caution. The shock produced by the noise of shaped charge deto-

nation could not be separated from other stresses produced only by the

experimental variables. The results of the simple tests for vision function

described in the Procedure, were al_ys influenced to a degree by the

reduced responsiveness of the specimen. Control specimens obtained by

firing charges without pellets were very much more alert, however, than

those which had experienced target penetration. This may be interpreted

as indicating that the energy released on penetration affects the responsive-

ness of the specimen.

Again, light intensity and heat production are related directly to the

characteristics of the penetrations made in the target. These relationships

will be discussed later in this section of the report.

5.7.3 Blast Pressure Characteristics

Blast pressure produced in hypervelocity penetration has its origin

at the point of target plate penetration. It results from the sudden

release of the klmetic energy of the penetrating particle behind the plate.

Although oxidation of the metal vapor produced occurs at a violent rate, the

pressure produced appears small compared to that resulting from initial

particle penetration. The blast pressure recordings clearly show the peak

pressure as a vertical spike on the memoscope. Other deflections of the

trace are low in magnitude, probably produced by reflections of the initial

blast wave. The duration of the peak blast pressure was found to be less

than lO microseconds. This very brief duration of overpressure does not

produce significant lung injury. _Thite discusses in detail the relationship

between duration of peak pressure and mortality or injury in his report,

"Biological Effects of Blast" (Reference 4). The LDso for blast pressure was
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found to be 36 psi for rats. Only a few pressures of this magnitude were

obtained during this test. No blast deaths were produced, and blast injury

_s only tentatively identified. This is not surprising; there are many

critical factors associated with the effects of blast. White described the

drastic change in the rate of lethality produced in animals when moved

only 0.5 inches relative to the incidence of the blast Mve.

Since the point of target penetration could not be accurately

controlled, the blast pressures recorded varied greatly between tests under

the same conditions. This variation was nearly independent of oxygen con-

centration. The peak blast pressure _as found to vary inversely _-ith the

distance between the point of target penetration and the pressure trans-

ducer. Since the pickup was located between the target and the test speci-

men, the rats were usually exposed to a lower pressure.

A lengthy discussion of blast injuries and the complex relationships

which exist between the many physical variables does not seem pertinent

here. The injurious effects of blast are marginal based on the results of

autopsy and the physical data unfortunately does not lend itself to close

analysis. The latter results primarily from the poor control of the point

of particle impact.

5.7.4 Target Thickness, Particle Size and Penetration Velocity

The test results clearly indicate that the size of the penetration

produced in the target plate was more important than the oxygen concen-

tration in controlling the oxidative energy release phenomena; however,

within a given range of penetration size, oxygen concentration had a

marked effect on the level of energy released.
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Under a given atmospheric condition small penetrations in the thin

targets were found to produce little injury while small penetrations in

thick targets often produced uniformly burned test specimens. This

observation, presented in general terms, simply points up the fact that

the amount of aluminum target metal displaced as a vapor is a critical

parameter in establishing the intensity of the energy release produced inside

the test chamber. The concentration of oxygen in the atmosphere in turn

regulates the amount and rate of oxidation of the hot vaporized aluminum.

These two variables are interdependent in producing the oxidative pheno-

mena measured in these tests primarily in terms of the degree of injury

produced. A critical oxygen level and penetration size for each thickness

of target plate material could be identified _-ith considerable accuracy

if desired for a given impact at a given point on a target plate. An

illustration of the hole sizes produced in representative thic]_uesses of

targets by the various zized particles is given in Figure 7. Those which

produced specimen burning are indicated. Hole area _as determined using a

"_ater clock" technique. A representative range of hole sizes were drilled

in a series of unused target plates. _e time required for a given quantity

of water to pass through the holes _as determined. The targets were then

timed with an equal amount of water. This rather crude calibration was

verified several times and found to be accurate within 15 percent. Some

degree of compensation for the surface tension of water was provided by the

wide zange of hole sizes used in the standards.

Particle velocity is important in these tests only because of the

relationship between impact velocity and the amount of target material

displaced. _ich work and many equations have been developed to predict
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the relationships between particle size and penetration depth or crater

size. Palmer in Reference 2 (Cratering, Experiment and Theory) has developed

an equation which predicts that particle penetration will occur in a plate

which is not more than 1.5 times as thick as the crater depth produced in

an infinite thickness of the same material.

5.7.5 Implications of Test Results

Based upon a review of the photographic records obtained during these

tests, it should be clearly established that meteoroid penetration even

_-ithout injury will result in considerable crew stress. Particularly in

view of the widely accepted theory that these particles occur in sho_ers.

The light produced in penetration by even the smallest penetrating particle

would generally be considered spectacular. Some spalling is sure to occur

with resulting distraction and possible injury.

A wide range of injuries _rere produced in these tests. The most

severe injuries resulted in in_ediate death by burning. These occurred at

100% oxygen concentrations. _e mildest form of injury was temporary

flash blindness which could not be detected in autopsy. These were pro-

duced using atmospheric air in the test chamber. Injt_ies of v_rious

intermediate degrees were, of course, also produced. Without implying an

acceptable level of injury, the capabilities of a spacecraft crew can be

considered.

N2teoroid penetration of the manned module of a spacecraft will, in

itself, produce a requirement for immediate corrective action. Penetration

of a full pressure suit of an extravehicular astronaut woluld impose an

equally rigorous requirement for immediate repair on the part of the occupant.

Ability to perform this repair establishes the degree of function required

after exposure to meteoroid impact.
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Clearly, then, very little disability can be tolerated in the event

of meteoroid penetration. _ne reslults of this study indicates that the

oxidative effects produced by hypervelocity penetration were reduced as a

Ikmction of the decrease in oxygen concentration.

This _as not the case for blast pressure, however, which was found to

be related only to the size of the penetration produced. Since the highest

blast pressure recorded in these tests was 38 psi, much below the injury

threshold for man, this source of injury may be ignored for purposes of

this analysis (Reference 4, "Biological Effects of Blast"). The holes

produced did not result in an injurious rate of decompression, so the

immediate effects of this hazard may also be ignored for particles in this

size range. Depressurization rate data is presented in Fi_are 8.

As previously pointed out, then, maximum protection can be achieved

by selecting an atmosphere which will support man, but provide the lowest

practical concentration of oxygen in the man module. The results of this

test indicate that a cabin atmosphere of 50 percent oxygen/50 percent

nitrogen- 7 psia atmosphere already under consideration by the National

Aeronautics and Space Administration best meets these criteria.

Tests conducted at this atmosphere indicate that injury will still

occur depending upon the proximity of man to the point of penetration.

Meteoroid penetrations of the size which produced specimen burning in these

tests produced violent oxidation of the metal vapor over a cylindrical

volume approximately 8 inches long and 4 inches in diameter. This volume

_zas established based on photographic records. The temperature inside this

oxidative zone will approach 1000 degrees C. for approximately 15 microseconds.

Light intensity in the area of oxidation will approach lO0,000 ft. candles.
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Many other factors are of course involved in the consideration of

consequences of such an event. The interposition of equipment and stores

between the crew and the point of penetration would afford good protection,

but this makes the job of repair difficult and also ignores the effect on

the equipment.

5.7.6 Frequency of Meteoroid Penetration

Determination of meteoroid flux, although under study for some time,

is still far from complete. Information which will be collected within

the next few years will shed much light on the adequmcy of the simnlation

provided in these tests. This data may indeed rule out further concern

about this problem, at least for lunar flights. In the interim, it seems

appropriate to continue to pursue the problem of providing protection,

particularly in view of proposed manned planetary flights with long flight

times and in the vicinity of Asteroid belts.

5.7.7 Additional Physical Relationship Predicted by Test Data

A number of correlations between the characteristics of the ac-

celerated particles, penetrations produced, and the recorded oxidative

energy release phenomena are provided in Appendix D. These correlations in-

clude the degree of injury found to occur under the conditions presented,

and may be used to predict the degree of injury or energy release which may

be expected to occur in similar related events.
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6. Conc lus iorm

The test data was analyzed to identify the effects of varying the

gaseous environment on the incidence and degree of injury produced by

simulated meteoroid penetration of a sealed ch_u_ber. The following

conclusions are indicated by this study:

1. Oxidative energy release produced by hypervelocity particle

penetration is localized within the area of distribution of vaporized

wall material.

2. For a given wall thickness, the size of the penetration and '

the location of the test specimen relative to the point of penetration

are the most significant variables in establishing the degree of severity

of the injuries produced.

3. The oxygen partial pressure and concentration had a significant

influence on the degree of test specimen injury produced by heat and lig_a.

4. The location of the test specimen relative to thepoint of

particle penetration was the most critical factor governing the degree

of injury produced by blast overpressure.

• 5. Viewed from the standpoint of environmental protection in

the event of meteoroid penetration, injury from heat and light exposure

would be mininlized by the use of a mixed breathing atmosphere of oxygen

and nitrogen.

6.1 Recommendations

i. Investigate the practical methods of meteoroid shielding or

multi-wall construction as a means of providing crew protection.

2. Conduct a more detailed test a,_lysis of the incapacitatir_

effects on the eye and "shock" injuries produced by small hypervelocity

penetrations of simulated space vehicle.
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A-I.O METHODS

Autopsies were performed on the test animals in the usual manner.

Tissues were preserved in 10% formalin, microscopic sections prepared and

stained with hematoxylin and eosin. Selected animals and organs were photo-

graphed grossly and photomicrographs were taken of certain abnormalities.
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A-2.O PARAMETERS OF ANIMAL INJURIES
i , j , J . i

A-2.1 Skin:

_he most obvious abnormality encountered in the study represented

changes of the skin. Considered insignificant was the deposition of particles

of aluminum oxide which produced a discoloration of the i%r but seemingly

in no other way caused an abnormality of the skin. In addition there were

a few animals in which shrapnel-li_ wounds were encountered in various loci

of the body and were directly related to penetrations of the shield by the

simulated micrometeorites. The ordinary secondary changes associated with

such shrapnel-like injuries were found; namely, perforation of the skin

with an associated disruption of the underlying structures and hemorrhage.

In some instances the skin was not perforated but the dermal vessels so

damaged by the striking object that focal petechiae resulted without

penetration of the epidermis.

As a consequence of heat generated during the flash, there were vary-

ing degrees of burning of the hair and skin. In some of the more localized

areas, the halt would present singeing of the terminal half or o_-fourth

of the hair without obvious damage to the underlying skin. In some instances

this localized damage would progress to such sLn4eing of the hair as to

leave a stubble approximately 3 to 5 ram. in length, usually in a focal area

measuring up to iO to lh ram. in diameter. The underlying skin was essentially

normal,

Skin changes as a result of Nair consisted of the loss of the

epithelium down to the basal cells_ with congestion of dermal vessels and

associated exudation.

The most devastating type of external injury to the skin represented

a diffuse complete burning of the hair associated with charring_ not only
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of the hair, but more especially of thoseareas left unprotected by the hair;

namely, eyelids, eyes, nose, ears, tail, and feet. On occasions the tongue

was also burned. Microscopically, regardless of intensity of these diffuse

carbonizing burns, all featured similar histologic changes with a coagulation

necrosis of the epidermis and dermis which in most instances, extended to the

subcutaneous tissue. In a few of the animals that demonstrated some degree

of preservation of the proximal se_ents of the hair shafts, the cutaneous

coagulation necrosis was indistinguishable from those animals in whom

complete burning of the hair had occurred.

A-2.2 Eye:

Only in those animals in which marked diffuse cutaneous burn_

occurred were there noticeable changes within the cornea of the eye. This

ordinarily assmaed the proportions of focal loss of the epithelium, an

intercellular edema between the epithelial cells and in some instances early

necrosis of the superficial epithelium. In a few animals there was found

particulate matter, presumably aluminum oxide, within the cornea and this

material was birefrlngement. On careful examination of many of the eyes

there was no evidence of a chorioretinal burn as has been observed following

an atomic flash. The adjacent eyelid tissue served as a protection against

the eyes from receiving a more severe type of damage.

A-2.3 Lungs-

Mar_ of the sections of lungs demonstrated small focal areas of

atelectasis in association with a prominence or dilatation of the alveolar

ducts. This was seen also in the animal used as a control for Pressure

Change. These changes were considered rather insignificant and perhaps not

of a contributory nature to any physiological disturbance.
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In most of the animals presenting a diffuse burning of the skin,

there were more prominent pulmonary parenchymal changes. These consisted

of pulmonary edema of varying severities, focal areas of pulmonary hemorrhage

and mild to intense congestion. These changes are in keeping with pulmonary

changes observed with blast and fire injuries. A few animals demonstrated

birefringent particulate black matter within alveoli and alveolar walls_

presumably aluminum oxide. The exact definition of the particulate matter

should be further defined. This particulate matter was fou_ in the lungs

of only a few animals and therefore must be critical with respect to _me,

possibly of very short duration and occurring during the inspiration phase.

In a few animals the distention of the alveolar ducts bordered upon

a centrilobular type of emphysema and it is difficult to determine whether

or not this had any direct bearing upon either the pressure change or the

blast effect, or whether this might represent variations in the normal

histologic structure of seine of the animals.

In a few animals there was concomitant disease, unrelated, but

manifesting itself as a bronchopneumonia or a chronic inflammatory reaction

within the bronchi.

A-2.4 Remaining Viscera:

No significant abnormalities were observed in the remaining viscera.
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A-2.5

Animal Number 73

Gross Examination:

Although the fur over the back demonstrated particulate

alumiralm oxide deposition, the gross pathological examination,

externally and of the internal viscera, was normal.

Microscopic Examinations

Lungs¢ Minimal focal areas of atelectasis with scattered

small foci of hemorrhage are observed throughout

the pulmonary parench_a.

Heart, Spleen, Liver, and Kidneys No significant

abnormalities.

Animal Nmuber 74

Gross Examination:

The fur over the back demonstrates an intense particulate

deposition of aluminum oxide, but no other gross abnormalities

are observed either of the skin or of the internal viscera.

No gross photographs taken.

Microscopic Examinations

Lungs_ In addition to scattered small focal areas of

atelectasisj the alveolar ducts are noted to

be prominent bordering upon a sufficient amount

of dilatation to entertain the diagnosis of

•centrilobular emphysema.

Heart, Spleen, Liver_ Kidney and Testes- No significant

abnormalities.
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Animal Number 74 (continued)

Photc_orographs are teken to demonstrate the normal

lung histology presenting a bronchus, blood

vessel, and normal alveolar d_ts together with

alwsoli.

The second photomicrographs d_onstratse the

changes of focal atelectasis and associated

contri_ular al_olar duo% prced_n_.

Animal Number 7_

Gross Examinations

In addition to the fur over the baok demonstrating the

particulate deposition of alumlnum oxide, _here is crusted

blood about the external nares. No other abnormalities are

noted on gross examination.

No gross photographs taken.

Microscopic Examinations

Lungs- Demonstrates scattered focal areas of atelectasis

associated with a minimal interstitial thickening

and a focal peribronchial inflammatory response,

The centrilobular alveolar duc%s demonstrate again

focal areas of prominence bordering upon an

emphysematcus change,

Liver, Heart, GI Tract, Testes, Eye: No significan_

abnormalities.

Photomicrographs of normal cornea.
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Animal Number 76

Gross Examination:

_he fUr demonstrates the deposition of aluminum oxide

particles, but otherwise the gross examination demonstrates

no path ologic abnoraalitie s.

Microscopic Examination:

Lungs: Focal areas of atelectasis are noted.

Heart, Spleen, Pancreas, Kidney and Liver: No

significant abnormalities.

No photomicrographs taken.

Animal Number 84

Gross Examination:

The fur over the head demonstrates deposition of aluminum

oxide particles, but the gross pathological examination externally

and of the internal viscera is normal.

No gross photographs taken.

Microscopic Examination¢

Lungs: Scattered focal areas of atelectasis are intermingled

with a concomitant moderate bronchopneumonia which

has produced intense congestion of the vessels.

Heart, Kidney, Testes, Adrenal, Tongue, GI Tract, Liver,

Spleen, and Eye: No significant abnormalities.

No photomicrographs taken.

Animal Number 85

Gross Examinations

In addition to the deposition of aluminum oxide particles

on the fur there is a focal area about the scapula measuring
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Animal Number 85 (contimed)

15 ram. in diameter which presented the characteristic change

of the fllr when exposed to heat, namely singeing. • No other

gross abnormalities were observed either externally or internally.

No gross photographs taken.

Microscopic Examinationz

Lungsz Focal areas of atelectasis associated with disten-

tion of the alveolar ducts presenting a pattern

bordering upon centrilobular emphysema as observed

in association with slight congestion.

Heart, Liver, Spleen, GI Tractj Kidney, Testes, and

Eye: No significant abnormalities.

No photomicrographs taken.

Animal Number 86

Gross Examinations

Aluminum oxide particulate deposition was noted about the

fur and in addition, there was a small focal area of singeing

of the fur noted over the left scapular region. No other

abnormalities on external or internal examination were observed.

No gross photographs taken.

Microscopic Examination.

Lungs: The lung demonstrates an intense oulmonary edema

associated with focal areas of hemorrhage and

extremely prominent centrilobular alveolar ducts

bordering on a traumatic type of emphysema.

Scattered throughout the walls of the alveoli are

black small particles which are birefringent.
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Animal Number 86 (continued)

Heart, Liver, Spleen, Kidney: No significant abnormalities.

Photomicrographs are taken of the lungs demonstrating

pulmonary edema, hemorrhage and congestion, and

are also taken with polarized light to demonstrate

m

I

I

the birefringent black particles presumably

representing aluminum oxide inhalation.

Animal khmber 87

Gross Examination:

The skin is uniformly burned to the epidermis and structures

I

I

I

not protected by fur, such as the eyelids, ears, nose, and tail,

and feet, demonstate an intense charring effect. The eyes show

an opacifying change within the cornea. The tongue similarly

demonstrates burning effect. Protected areas represented the

only places where the animal was not burned and these protected

areas corresponded to the places where the animal tie-down was

accomplished.

Gross photographs are taken of the animal externally.

The only visceral change represented the lungs which

presented a pulmonary edema grossly with focal areas of hemorr-

hage.

Gross photographs were t_ken.

I

I

I

Microscopic Examination:

Lungs: The lungs demonstrated a pulmonary edema together

with congestion and focal areas of early acute

inflammatory response.
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Animal Number 87 (continued)

Skin: The skin sections, while improperly embedded, do

demonstrate intense third degree burn producing

a coagulation necrosis of the epidermis through

the dermis to the Junction of the subcutaneous

tissue.

Heart, Liver, Kidney, and Adrenal: No significant

abnormalitie s.

No photomicrographs are taken.

Animal Number 89

Gross Examinm tion.-

External examination demonstrates that the fur is uniforml_

burned to the epidermis and structures not protected by the

fur such as the eyelids, ears, nose, tail, and feet demonstrate

an intense charring effect. The eyes show an opacifying change

within the cornea. Areas failing to demonstrate burning of the

skin are those places where animal tie-down was accomplished.

Internal examination showed the lungs to be heavier than

normal, dark, and hemorrhagic.

Gross photographs are taken of both the animal and l_ngs.

_,_croscopic Examination:

Lungs: Microscopic examination demonstrates an intense

pu_onary edema associated with marked congestion

and focal areas of hemorrhage with some areas of

traumatic rupture of not only the centrilobular

alveolar ducts, but also the terminal bronchioles.

Black birefrlngent particulate matter is again

observed.
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Animal Number 89 (contir_ed)

Skin: Third degree thermal burns are noted of the skin

producing a coagulation necrosis of the epidermis

and the dermis down to the lower segment of the

dermis in the region of its junction with the

subcutaneous tissue.

Heart, Kidney, and Liver: No significant abnormalities.

Photomicrographs are taken of the lung to demonstrate the

pulmonary edema, focal hemorrhage, and the

particulate matter. In addition, photomicrographs

of the skin are taken to demonstrate the normal,

uninvolved area (due to the protection of the tie-

down) and the burned area, showing the coagulation

necrosis of epidermis and de_is.

Animal Number 90

Gross Examination:

The fur is uniformly burned to the epidermis and the

structures not protected by fur, such as the eyelids, ears, nose,

tail, and feet demonstrate an intense charring effect. The eyes

show an opacifying change within the cornea. The protected areas

of the animal fail to show evidence of burning.

The only internal visceral change is that of the lungs

which show a uniform hemorrhagic discoloration.

Microscopic Examlna tion-

Lungs. The lungs again shc_ the intense pulmonary edema

associated wit_J focal areas of hemorrhage and

conge stion.
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Animal Number 90 (continued)

Skin. The skin demonstrates an intense coagulation necrosis

of a third degree burn extending frun the epiderm/s

through the dermis to the junctiQu of the dermis

with the subcutaneous tissue.

Heart, Spleen, Liver, and Kidney: No significant

abnormalities.

No photomicrographs taken.

Animal Nmaber 92

Gross Examination:

The fur demonstrates a uniform burning to the epidermis

with structures unprotected by fur shying a more intense

charring effect. The eyes show an opaci_ change within the

cornea. Smaller protected areas of the skin being unburned are

the regions which represented the animal tie-down. The tongue

shows a marked amount of burning.

_he lungs show a focal and moderate amount of hemorrhage.

Gross photographs are taken of both the animal and lungs.

Miscroscopic Examination..

Lungs: Microscopic examination shows an intense pulmonary

edema and congestion, associated with focal areas

of hemorrhage.

Skin- The skin shows third degee thermal burns involving

the epidermis and dermis down to the level of the

subcutaneous tissue by intense coagulation necrosis.

Tongue: The tongue shows thermal burns.
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Animal Number 92 (continued)

Heart, Kidney, and Liver.. No significant abnormalities.

No photomicrographs taken.

Animal Number 94

Gross Examination:

The fur is uniformly burned to the epidermis with the

e_eption of those areas in which the tie-down afforded the

animal protection. Those areas unprotected by fur such as the

eyelids, ears, nose, tail, and feet, demonstrated an intense

charring effect. The eyes demonstrate an opacifying change

within the cornea. The tongue similarly demonstrates burning.

The lungs show a diffuse hemorrhagic change.

Gross _hotographs are taken of both the animal and lungs.

Microscopic Ex_mination:

Lungs: An intense congestion, pulmonary edema, and focal

areas of hemorrhage are noted within the pulmonary

parenchyma and an extreme distention of the alveolar

ducts bordering on an emphysema is observed.

Skin: Although the skin is not properly oriented in section-

ing _here is a third degree thermal burn extending

to the subcutaneous tissue as observed by the

coagulation necrosis of the fat.

Heart, Liver, Kidney, GI Tract. No significant abnormalities.

No photomicrographs taken.
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Animal Number 96

Gross Examination:

A moderate amount of aluminum _xide particles are scattered

about the fur of the back in between the region of the shoulders.

Examination of the rest of the skin fails to show a_ abnormalities.

Internal examination shows the lungs to be essentiall_

normal with small scattered focal areas of hemorrhage.

Gross photographs are taken of both the animal and lung_

Microscopic Examination:

Lungs: Minimal focal areas of atelectasis, hemorrhage and

congestion are observed and in some areas there is

a distention of the alveolar ducts bordering on a

centrilobula r emphysema.

Heart, Liver, Spleen, and Kidney: No significant abnormal-

ities.

No photomicrographs taken.

Animal Number 99

Gross Examinations

The fur is uniformly burned to the epidermis and the areas

of animal tie-down have afforded only a moderate amount of

protection. Those areas in which there is a lack of protection

by fur, such as the eyelids, ears, nose, tail, and feet, the

thermal effect had progressed to charring. The eyes demonstrated

an opacifying change within the cornea. The tongue similarly

demonstrated a thermal change.

The lungs show a diffuse hemorrhagic change.

Gross photographs are taken of both the animal and lungs.
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Animal Number 99 (continued)

Microscopic Exuina tion:

Lungs: Pulmonary congestion, edema, and focal areas of

hemorrhage are observed within the pulmonary

parenchyma.

Skin. Third degree thermal burns characterized by coagula-

tion necrosis involving the epidermis and dermis

extending to the subcutaneous tissue is observed.

Kidney, Liver, and Heart: No significant abnormalitiese

No photomicrographs taken.

Animal Number i00

Gross Examination:

The fur is uniformly burned down to the skin except in

those areas where protection was afforded by the animal tie-down

apparatus. Those areas not protected by f ur_ such as the eyelids,

ears, nose, tail, and feet demonstrated an intense charring

effect. The eyes shc_ an opacifying change within the cornea.

The tongue similarly demonstrated burning.

The lungs are dark and hemorrhagic.

Gross photographs are taken of both the animal and lungs.

Miscroscopic Examination:

Lungs: An intense congestion, edema, and focal areas of

hemorrhage are present associated with a modest

amount of centrilobular distention of the alveolar

ducts,

Skin: Third degree burn of the skin is observed characteri-

zed by an intense necrosis of the epidermis and

dermis extending down to the subcutaneous tissue.

A-22



I
II

i
I

I

l
II

I
II

li
I
il

II

I
I
It

I!
II

i

Animal Number ]DO (continued)

Heart, Kidney, and Liver: No significant abnormalities.

No photomicrogra_s taken.

Animal Number IO1

Gross Examination.

Although the fur again demonstrates an intense burning

effect, there is a small zone of comparatively normal fUr

between the epidermis and the terminal burned segments of the

fur. This protected zone is 3 m. in length. Those areas

unprotected by fur, such as the eyelids, ears, nose, tail and

feet, demonstrate an intense charring effect. The eyes also

show an opacifying change within the cornea. The tongue is

burned.

The lungs are focally hemorrhagic with intervening areas

of comparatively normal pulmonary tissue.

Gross photographs are taken of both the animal and lungs.

Mieroscnpic Examination:

Lungs: Lungs demonstrate a moderate degree of pulmonary

edema and congestion with focal areas of hemorrhage

and a prominent distention of the alveolar ducts

and some alveoli, producing an emphysematous change.

Skin: The skin demonstrates thizd degree thermal burn

involving coagulation necrosis of the epidermis

down to the subcutaneous tissue.

Heart, Kidney, Spleen, and Liver: No significant

abnormalities.
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Animal Number I01 (continued)

Photomicrographs are taken, demonstrating the moderate

pulmonary changes of edema, congestion, and

alveolar ductal distention.

Animal Nm_ber 102

Gross Examination:

There is a large region of aluminum oxide particle

deposition over the back especially in the left scapular area.

No other abnormalities are noted externally or upon exanination

of the viscera, with the exception of the lungs which demonstrate

a diffuse reddish change punctuated by focal areas of hemorrhage.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: Demonstrates an intense congestion with a minimal

amount of edema and focal areas of hemorrhage.

Some distention of the alveolar ducts is observed.

Heart, Kidney, Liver, and Spleen: No significant

abnormalities.

Photomicrographs are taken of the pulmonary parenchyma to

demonstrate the intense congestion.

Animal Number 103

Gross Examination:

An intense discoloration due to the deposition of aluminum

oxide particles is observed about the upper segment of the b_ckj

particularly in the region of the left scapula. The lungs

show focal areas of hemorrhage of a minimal nature.

Gross photograohs are taken of both the animal and lungs.
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Animal Number 103 (continued)

Microscopic Examination:

Lungs: An intense congestion, minimal pulmonary edema#

and focal hemorrhage is observed within the

pulmonary parenchyma.

Heart, Liver, Kidney and Spleen: No significant

abnormalittes.

No photomicrographs taken.
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Animal Number 104

Gross Examination:

Considerable discoloration over the upper segment of the

back is noted due to the aluminum oxide particles within the fur.

The lungs show a pink color with minimal areas of focal

hemorrhage.

Gross photographs are taken of both the animal and lungs.

Microscopic E_=_mation:

Lungs: A moderate to intense congestion with minimal

pulmonary edema and minimal focal areas of

hemorrhage are observed. An increase in the

diameter of the centrilobular alveoli is observed

bordering upon amphysem_.

Heart, Liver, Spleen and Kidney: No significant

abnormalities.

No photomicrographs taken.

Animal Number 107

Gross Examination:

The fur is uniformly burned to the skin and in those areas

protected by animal tie-down the fur is not burned. In those

areas not protected by fur, such as eyelids, ears, nose, tail,

and feet, there is an intense charring effect. The eyes

demonstrate an opaclfying change within the cornea. The

tongue is burned.

The lungs are dark and hemorrhagic.

Gross photographs are taken of both the animal and lungs.

A-26



I
i
I

I
I

I

l
I
I

I
I
I

I

I
I

I
I
I

I

Animal Number 107 (Continued)

Microscopic Examination:

Lungs: An intense pulmonary congestion and edema is

observed.

Eyes: Thermal burns are noted of the eyelid and of the

cornea producing desquamation of the epithelial

cells covering the cornea.

Skin: Third degree thermal burns of the skin is

observed with coagulation necrosis involving the

epidermis and dermis.

Heart, Kidney, Liver and Spleen: No significant

abnormalities.

Photcmicrographs are taken of the eye and the cornea to

demonstrate the charring and desquam_ting

epithelial effect.

Animal Number 109

Gross Examination:

The hair is uniformly burned to the epidermis and only in

those regions protected by the animal tie-down is any hair

preserved. Those areas unprotected by hair, such as the eye-

lids, ears, nose, tail, and feet, demonstrate an intense

charring effect. The eyes show an opacifying change within the

cornea.

The lungs are uniformly dark and hemorrhagic.

Gross photographs are taken of both the animal and lungs.
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Animsl Number 109 (Continued)

Microscopic Examination:

Lungs: An intense congestion and edema are observed.

Eyes: The eye is sectioned in the wrong plane for a

proper orientation but is normal, that portion

which is examined, and no retnal abnormalities

are observed.

Skin: Third degree thermal burns are seen with co-

agulation necrosis of the epidermis and full

thickness of the dermis to the subcutaneous

tissue.

Heart, Kidney, Liver, GI Tract:

abnormalities •

No photomicrographs Taken.

Animal Number ii0

Gross Examination:

No significant

The fur is uniformly burned to the skin and the only

areas uninvolved are those areas protected by the animal

tle-down. The structures having no protection by fur such

as the eyelids, ears, nose, tail, and feet demonstrate an

intense charring effect.

The lungs are focally hemorrhagic.

Gross photographs are taken of both the animal and

lungs.
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Animal Number llO (Continued)

Microscopic Examination:

Lungs: An intense congestion, pulmonary edema, associated

with some atelectasis and distention of the alveolar

ducts is observed.

Eyes: Although the section of the eye presents a wrong

plane of embedding, the retina shows no abnormali-

ties.

Skin: _ne epidermis and dermis demonstrate an intense

coagulation necrosis extending to the subcutaneous

tissue.

No significantHeart, Kidney, Spleen, Liver, and GI Tract:

abnormalit ies.

No photomicrographs taken.

Animal N_nber Ill (Series)

Gross Examination:

All animals demonstrate a superficial focal area of

singeing of the hair unaccompanied by an intense diffuse burning.

This focal area of slngeingvaries from 8 to 12mm. in greatest

diameter and produces a loss of hair down to the region of the

skin, usually leaving a stubble of about _ to 6mm.

The lungs and other viscera are normal.

Gross photographs of the animals are taken.

Microscopic Examination:

Lungs: Focal areas of atelectasis, a minimal focal

peribronchial inflammmtory reaction and a mild

distention of the alveolar ducts is observed.
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Animal Numter Ill (Series) (Continue_)

Eyes: No significant abnormalities.

Heart, Kidney, Liver, GI Tract, Spleen, and Adrenal:

No significant abnormalities.

No photomicrographs taken.

Animal Number 115

•Gross Examination:

In the region of the left ear there is superficial singeing

of the hair and there is an associated shrapnel wound of the

free portion of the ear. _is area of singling measures i0 x 8

ram. and is definitely separate from the shrapnel wound of the

ear.

The lungs are grossly normal. No other visceral

abnormalities are observed.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: A minimal focal atelectasis and mild congestion

is observed with a peribronchial inflammmtory

reaction of an unrelated nature.

Skin: An acute and chronic inflammatory reaction is

present about the sinus tract of the shrapnel

wound in the region of the ear.

Heart, Spleen, GI Tract, Liver and Kidney: No significant

abnormalities.

Photomicrographs are taken of the shrapnel wound involving

the ear.
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Animal Number 120

Gross Examination:

The hair is diffusely but patchily burned over the body

leaving a zone of unburned hair varying from 3 to 6 nun. out to

the base of each hair shaft. The areas protected by animal

tie-down are unburned. Although there is charring of the areas

unprotected by hair, this is less noticable than in the other

animals.

The lungs are dark, but no other visceral changes are

observed.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: A moderate congestion and pulmonary edema are

present.

Eyes: A focal patchy loss of the covering epithelium is

observed.

Skin: Third degree thermal burns with necrosis of the

epidermis and dermis are present.

Heart, Liver, Kidney, Spleen, and Testes: No significant

abnormmlities.

No photomicrographs taken.

Animal Number 121

Gross Examination:

The hair is diffusely but patchily burned leaving an

uninvolved area in those areas where the animal tie-down pro-

tected the hair. At the base of each of the burned hair
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Animal Number 121 (Continued)

shafts, there is a normal zone of hair which varies from

3 to 5 "_. in length. Those areas unprotected by hair show

some charring, but to a less degree than previously noted on

other animals.

The lungs are dark but no other visceral abnormalities

ate observed.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: A moderate congestion and edema with a focal

peribronchial inflammatory reaction is observed.

Eyes: Superficial corneal loss of the covering epithelium

is observed in a patchy manner 3 this change extends

to involve the adjacent eyelid.

Skin: Third degree thermal burns Of the upper and mid-

segment of the dermis and epidermis are observed.

Heart, Testes, Liver, Kidney, Spleen and GI Tract: No

significant abnormalities.

Photomicrographs are taken of the cornea of the eye

demonstrating the loss of the epithelial covering.

Animal Number 122

Gross Examination:

In addition to the deposition of particles of aluminum

oxide there are focal areas of singeing varying up to 14 -_.

in diameter which have progressed to the base of the hair

shafts and produce superficial epidermis change.
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Animal Number 122 (Continued)

The viscera show no abnormalities.

Gross photographs are taken of the animal.

Microscopic Examination:

Lungs: Focal atelectasis and congestion are observed.

Skin: Superficial hemorrhage is observed as a result

of the superficial type of thermal response.

This would be perhaps a first degree burn and

represents a manifestation of erythema.

Eyes: No significant abnormalities.

H_art, Liver, Kidney, Spleen and Testes: No significant

abnormalities.

No photomicrographs taken.

Animal Number 127

Gross Examination:

The left thigh shows a moderate shrapnel injury with

other areas about the body of focal singeing of the hair,

but no diffuse burning. The base of many of the hair shafts,

in the area of singeing, are normal.

Lungs and other viscera are normal.

Gross photographs are taken.

Microscopic Examination:

Lungs :

Eyes:

Skin:

Focal atelectasis and congestion are observed.

No significant abnormalities.

A superficial infla_Btory reaction is observed,

but no definite indication of thermal burns is present.
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Animal Number 127 (Contlnued)

Heart, Kidney, Spleen, Liver and Testes: No significant

abnormalities.

No photomicrographs taken.

Animal Number 129

Gross Examination:

The hair demonstrates a uniform but patchy degree of burning

with the base of each of the burned hair shafts being compara-

tively normal for a zone of 3 to 5 ram. Areas of completely

normal hair represent those areas in which there was protection

afforded by the animal tie-down. The unprotected areas such as

eyelids, ears, nose, tail, and feet are obviously burned but not

the marked charring effect as seen in other animals.

The lungs demonstrate focal areas of hemorrhage and are

otherwise dark.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs :

Eyes"

Skin:

Focal atelectasis associated with a marked congestion

and other areas of alveolar duct distention bordering

on emphysema are observed.

Microscopic examination of the corneal epithelial cells

demonstrate the presence of multiple black particles,

presumably aluminum oxide, and a moderate edema of

the interstitial fluid between the epithelial cells.

Third degree thermal burn characterized by necrosis

of the skin down to the subcutaneous tissue is present.
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Animal Number l_ (Contlnued)

Heart, Liver, Kidney, Spleen, GI Tract, and Testes: No

significant abnormalities.

Photomicrographs of the corneal epithelium demonstrating

the black particulate matter and the edema are

taken.

Animal Number 140

Gross Examination:

The hair has been mainly shaved from the animal leaving

behind certain areas of hair stubble in those regions difficult

to shave. In the hair stubble there is an intense uniform

burning producing charring of the hair and adjacent skin, however,

those areas unprotected by hair fail to demonstrate any gross

changes suggestive of an intense third degree thermal burn, but

shc_ multiple focal areas of hemorrhage, varying from 2 to 5 ram.

in diameter. These are especially prominent in an area of

shrapnel impact on the region of the left flank.

The lungs are focally hemorrhagic, but no other significant

abnormalities of the viscera are observed.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: Congestion and a minimal pulmonary edema are

associated with focal minimal pulmonary hemorrhage

and a distention of the alveolar ducts producing

an early centrilobular emphysema.
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Animal Number 140 (Continued)

Skin: Third degree thermal burns are present in those

involved areas of the skin, but this does not

extend into the deeper dermis as on previously

burned animals.

Heart, Kidney, Spleen and Liver: No significant

abnormalities.

No photomicrographs taken.

Animal Number 141

Gross Examination:

The animal is completely devoid of hair_ having been

depilated by Nair leaving a pink s somewhat mositened epidermis.

No evidence of thermal burn is observed, but multiple focal

areas of petechlae varying from 3 to 5 ram. underneath the skin

are present. There is a moderate wound in the left flank

which is the result of a shrapnel injury producing hemorrhage

and destruction. A larger and more significant wound involves

the left flank in which the defect produced measures 14 x 8 ram.

and is surrounded by a ring of intense contusion measuring up

to (the zone) 2 cm. in diameter_ peripherally about the defect.

The peritoneal cavity contains a moderate amount of blood and

focal material and examination of the large bowel demonstrates

several large everting traumatic wounds with spillage of

intestinal contents. Smaller but similar everting bowel

perforations are observed within the small bowel. Hemorrhage

extends back into the para spinal muscles.
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Animal Number 141 (Continued)

_he lungs are grossly congested.

Gross photographs are taken of both the aminal and lungs.

Microscopic Examination:

Lungs: A mild congestion and small focal areas of

atelectasis are observed.

Heart, Spleen, Kidney, and Liver: No significant

abnormalities.

No photomicrographs taken.

Animal Number 142

Gross Examination:

The hair has been completely removed from the animal

through use of a depilatory, Nair. There is no evidence of

thermal burns, hc_ever, multiple small petechlae varying from

2 to 5 ram. in diameter are scattered about the moistened

epidermal surface.

The lungs are grossly normal.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: A moderate focal atelectasis and congestion to-

gether with distention _the alveolar ducts bor-

dering on a centrilobular e_hysema is observed.

In addition there is a concomitant peribronchlal

InflammBtory response.

Skin: Sections of skin are Improl_rly embedded, but show

no evidence of thermal burn.
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Animal Number 142 (ContL_ued)

Heart, Kidney, Liver and Spleen: No significant

abnormalities.

No phot_nicrographs taken.

Animal Number i_-145

Gross Examination:

The side represented as 144 presents a depilated surface

which is moistened with several small focal areas of petechiae

scattered about. No evidence of thermal burn is observed.

On the side labeled 145 there is a large shrapnel wound

involving the right thigh with an associated hemorrhage and

destruction of muscle.

The lungs are congested but no other visceral abnormali-

ties are observed.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: Pulmonary congestion and edema of a moderate nature

are observed with some centrilobular distention.

Peribronchial inflsmmBtory reaction is also

associated.

Skin: Sections demonstrate an intense loss of epidermis

with only a few superficial epidermal cells remain-

ing. No evidence of hair is observed in the exposed

. portion of the skin, however, hair shafts still

remain within the substance of the dermis.
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Ani_l Number i_-145 (Continued)

Heart, Kidney, Spleen, Testes, and Liver: No

significant abnormalities.

Photomicrographs are taken demonstrating the mar_d loss

of surface epithelium due to the depilatory.

Ani=Bl NumBer 154

Gross _tion:

The hair is unlform_ burned to the epidermis and structures

not protected by the hair, such as the eyelids 2 ears, nose, tail,

and feet demonstrate an intense charring effect. The eyes

show an opacifying change within the cornea. Only those areas

that were protected by animal tie-down show no evidence of

burning. The tongue is burned. _e lungs show evidence of

hemorrhage but there is no other significant visceral change.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: A pulmonary congestion and moderate edema is

observed with focal areas of hemorrhage.

Skin: _ird degree thermal burns are observed down to

the mld-der_s.

No significantHeart, Liver, Spleen, Testes and Kidney:

abnormalities.

No photomicrographs are taken.
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Animal N_nber 161

Gross Examination:

Although there is a moderate deposition of almninum oxide

particles about the hair and there are focal areas of slngeing

of the hair varying up to 12 ram. in diameter_ other foci_

especially in the left flank region shows an area of hemorrhage.

Lungs are grossly normal as are other viscera.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: A moderate pulmonary edema and congestion are

pre sent.

Heart, Liver, Spleen, Testes and Kidney: No significant

abnormalities.

No photomicrographs are taken.

Animal Number 162

Gross Examination:

Over the region of the left shoulder and back there is

a moderate aluminum oxide particle deposition and in associa-

tion there is a slight superficial singeing of the hair.

The lungs and other viscera are normal grossly.

Gross photographs are taken of both the animal and lungs.

Microscopic Examination:

Lungs: A moderate bronchopneumonia with congestion and

•edema are present.
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Animal Number 162 (Continued)

Kidney, Heart, Liver and Spleen: No significant

abnormalities.

No photomicrographs are taken.

Animal Number PC

Gross _tion:

The animal demonstrated no abnormalities on external

or internal examination.

Microscopic Examination:

Lungs: A minimal congestion is present together with

a mild distention of the alveolar ducts.

Heart, Kidney, Liver and Spleen: No significant

abnormalitie s.

No photomicrographs are taken.
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INSTRI_NTAT ION

It was attempted in each test to record: pellet velocity and light

intensity, cabin pressure vs. time, flash temperature vs. time, andblast

pressure vs. t_me. The following instrumentation provided the means for

recording this data.

Psrticle Velocit_r & Light Intensit_ - Five TI-IN2175 photodiedes were

used in the instrumentation of the test. One diode was positioned above

the shaped charge to record the detonation time and c:nseeuently the

instant of initial particle acceleration. Three diodes were placed inside

the cabin chamber, facing the target plate, to record t_e light produced

by penetration of the target. These, more or less, surrounded the test

specimen, looking back at the flash. On tests in which a screen _ms

placed on t_e charge side of the target, an additional diode was positioned

to face the screen. The diode positioned near the charge triggers a bori-

z ntal sweep across the scope of the Hughes IOh Nemoscope. The other diodes,

when stimulated, cause a vertical deflection on the scope, r_ro_crtional to

the intensity of the light sensed. The scope thus presents light intensity

vs. time. The distance travc!led _: the pellet is knc_m therefore making

possible the calibration of particle velocit_ in feet per second.

In addition, the s_nal _roducing the vertlc"_l deflection on the

scope was fed thrc_zh a Kintel Nodel IIi BF Amplifier to a galvonometer

in a C.E.C. I_odel llh Recording Oscillograph." This'deflection produced a

penetration time zero to which other recorded phenomena could be referenced

on the oscillograph record.

"_For the last h4 tests, the C.E.C. Model llh Oscillograph _as replaced

with a Minneapolis Hpne_a_ell Visicorder. This enabled readout of data

immediately after a test.
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Vertical deflection of the memoscope was, in each test, previously

c_librated to provide light intensity in foot candles. A calibration curve

_Jas obtained by measuring the current flowin_ through the Dhotodiodes for

kn_uq light _ntensities. A Sylvenia Sun Gun was used as a light source, and

the light sensed by the diodes was zeasured _,_itha Uollensak Light Meter.

Consequently, the light intensities recozded are relative to these items.

Filters _Jere used interchang_bly retuir_n_; recalibration of the

light deflection curve. These filters were: Kodak bratten 301 infrared

rejection, 78B Visual photometric, _r_ a "D" glass ultra violet rejection.

Blast Fressure vs. T_me - A Endevco iicdel 2501 piezoelectric pressure

transducer, _as located flush _Jith the piatfo_ on _hich the animal "_as

positioned. The transducer _Jas wired to an E.ndevco cathode follower.

Power _s supplied by a I_mbda TTodel C-2[_l power supply. The signal

produced was fed through a Kintel _Todel lll ;IF amplifier to a C.E.C. Type

7-_16 galvonometer. The current _lasmeasured end recorded on a C.E.C.

model llIL recording Oscillograph. The sicnal from the cathode follower _ras

also fed into a Lughes l_h liemoscope. The _emoscope was t_sed in c injunction

_ith the Oscillograph since the galvanor_eter does not have high encuch

response rate to give _ccu_te data. The cathode follo_er is desirable in

presenting a high impedence lcad _ith a lo_ shunt c_q_acitance to the trans-

ducer. The range of the transducer is O-500 P.S.I. with a nominal output of

_8 millivolts per P.S.I. The response time is 5 microseconds (0-90%).

To Record Cabin Pressure vs. Time - A C.E.C. Type h-312 pressure

transducer, with a range of from 0 to 2_ PSiA was installed in the

cabin chamber. The transducer was cormected to a P$3;-1 which supplied

•excitation voltage to the transducer and amplified the transducer output.

The _J_ output was fed into a 7-318 galvanometer and recorded on a C.E.C.
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model 114 recording oscillograph.

To Record Flash Temperature vs. _e - A Baldwin-Lima-Hamilton -
|

Thermocouple, Type TCA-ES-50, with an ice bath for reference, was used

to detect changes in temperature within the cabin chamber. The signal

was fed through a Kintel amplifier to a 7-318 galvanometer and was

recorded on the oscillograBh. The thermocouple above was found to be

the best for this purpose; however, an accurate recording was not

anticipated since the response time of thermocouples, or any other

temperature sensor, is generally too great _hen used in air. At

350°F the time constant is 13 milliseconds.

Camera Recordings - A Fastax 16 mm motion picture camera was

located above the cabin chamber to record, through a Window, the effects

inside the cabin chamber during and immediately after penetration. A

transformer, "The Goose" by l_llensak, was used to increase the voltage

supplied to the camera. The camera without the Goose had a speed of

2800 frames per second. By increasing the voltage, _he speed was stepped

up to 6000 frames per second.

A Polaroid camera was used to record the deflections on the face

of the Memoscope. These photographs were filed with t_e test records

for each shot. The Polariod camera was used also to record the particle

stream and energy release of the imrticles penetrating the target plate.

The shutter of the camera was left open and the light produced upon penetra-

tion was the source cf illumination to the camera.
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FIGURE B-1. POLAROID RECORD OF LIGHT INTENSITY (TOP) 
AND BLAST PRESSUR E (BOTTOM) DEFLECTIONS 
ON FACE OF HUGHES MEMOSCOPE 
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D-1. DISCUSSION
• ii

Distribution of animal specimen response is indicated on a plot of:

light produced by particle penetration of the target wall vs. total wall

area displaced. Target thickness, pellet size, and the test atmosphere are

also indicated for each test shown. Animal response information is limited

to an indication of burning or non-burning.

As can be seen (Figure D-l), the points indicating tests in which speci-

mens were burned are fairly well separated into two groups according %0

target wall thickness. Total hole area sizes and light intensity levels,

which caused specimen burning in tests using the 0.064 inch thick target,

do not produce fires in tests using the 0.020 inch thick target. All but

one of the tests which produced burning used the 0.24 inch diameter pellet.

Total hole areas displaced in the two targets were thus fixed by the

physical factors controlling the uotential for penetration of a given hyper-

velocity particle through a given wall thickness. Using the equations

developed by Palmer (Reference 3) the particle (or particles) which could

displace these hole areas can be identified for various particle velocities.

The amount of wall area which will be displaced can also be predicted.

The data presented is useful for two purposes. First, they substant-

iate the relationships described in this report between oxidative energy

release level and the amount of target wall material displaced; the latter

being much more determinant than oxygen concentration. Also light intensity

level is again identified as a good indicator of the level of energy

release and can be used to predict the degree of injury response.

The fact that a larger total wall area displacement is indicated to

be required to produce injury or death behind a thinner (0.020 inch) wall

rather than a thicker (0.064 inch) wall is worthy of note.
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GLOSSY.PJr

Bronchopneumonia -- A name given to an ip_ls,__mation of the lungs which

usually begins in the temnina! bronchioles (microsco!,_ic tubes of

lung). These become clogged ,_itb an exudate forr.J]_g censolidated

patches in adjacent iobules.

Corneal -- Pertaining to the cornea - The tr_nsparent stn_cture forming

the anterior part of the e_:ternal layer of the eveball.

Depilate -- To remove the hair from.

Edema -- The presence of abnormally lal_e _ounts of fluid in the inter-

cellular tissue spaces of the body.

Epidermis -- The outermost and nonvascular layer of t!_e skin.

Hair Follicle -- The depression fro_ w_ich each l_aJr grows.

Scrotum -- The pouch _hich contains the testicles and t_eir accessory

orga ns.
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